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Chapter 1 
MISSION 

Paragraph 



General 1 

Purpose and scope 2 

Duties of engineer aviation units in airdrome construction 3 

Other duties of engineer aviation units — 4 

Definitions 5 



1. General. — Engineer aviation units are a component of the 
Corps of Engineers organized to meet the needs of the Army Air 
Forces for engineer work in theaters of operation. This work consists 
primarily of constructing, maintaining, camouflaging, and defending 
field airdromes. However, tasks of construction vary from perma- 
nent air bases to runways hurriedly cleared for advanced landing 
fields. 

2. Purpose and scope. — a. This manual covers both tactical and 
technical phases of the training and operations of aviation engineers, 
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with special reference to their employment in theaters of operation. 
It does not cover all the problems which aviation engineers will 
encounter on battle fronts around the world. In every situation gen- 
eral engineering 'principles must be applied with sound judgment. 
This manual is a guide to those principles and to their application. 

6. The subject matter of this manual falls naturally into four parts. 
The first part covers general background — mission, organization, 
equipment, and training. The second part (chs. 5 to 13 incl.) deals 
with operations in constructing, maintaining, and defending field 
airdromes, including methods of using the construction equipment 
issued to aviation engineers. Camouflage, which must be considered 
in all phases of airdrome development, is then covered. Following 
the camouflage chapter there is a chapter on airborne aviation engi- 
neers which covers their mission, organization, equipment, and train- 
ing. The appendixes furnish detailed technical and reference data. 
Appendix III, on soils, is particularly important to an understanding 
of many design and construction problems covered in other chapters. 

c. No attempt is made to cover pioneer construction methods and the 
use of hand tools since they are covered in TM 5-225 and FM 5-10. 
The discussion of camouflage is supplementary to that contained in 
TM 5-266 and FM 5-20. Data concerning materials for camouflage 
purposes are found in TM 5-269. 

3. Duties pf engineer aviation units in airdrome construc- 
tion. — a. Landing -fields. — Construction, maintenance, and repair of 
runways, taxiways, and hard standings. Includes placing of steel 
runways. 

b. Ground installations. — (1) Construction and maintenance of 
facilities for refueling and arming aircraft; for storage of gasoline 
supplies, ordnance supplies, and air force supplies; for housing per- 
sonnel and equipment; and for shop repair and maintenance of air 
force equipment. 

(2) Construction, maintenance, and operation of utilities for water 
supply, light, heat, and power. 

c. Communications. — (1) Construction, maintenance, and repair 
of service roads within the airdrome and of supply roads adjacent 
to the airdrome. 

(2) Construction, maintenance, and repair of railroad facilities 
within the airdrome. 

d. Camouflage . — Dispersion and concealment of ground installa- 
tions, concealment of airplanes on ground, and construction of dummy 
targets. Also camouflage instruction, technical advice, supply of 
camouflage materials, and assistance to other air force personnel. 
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e. Airdrome defense. — (1) Local security of own troops. 

(2) Assistance in local airdrome defense against aif or ground 
attack. 

(3) Construction of weapons emplacements. 

(4) Provision of protective structures for personnel and facilities. 

(5) Obstacle construction, including laying antitank mines. 

(6) Preparation of demolitions to prevent enemy seizure of air- 
drome facilities. 

4. Other duties of engineer aviation units. — Other duties of 
engineer aviation units are — 

a. Repair and rehabilitation of captured airdromes, including re- 
moval of booby traps and land mines. 

b. Mapping and map reproduction, including assistance in field 
preparation and reproduction of aeronautical charts such as navi- 
gation charts, approach charts, and target maps. 

c. Establishment and operation of engineer supply. 

5. Definitions. — Airfield is the general term applied to any area 
of land used for the landing and take-off of aircraft. An airfield with 
military facilities for shelter, supply, and repair of aircraft is called an 
airdrome. The following terms are used in describing airdromes : 

a. Air base. — An area command for supply and administrative pur- 
poses consisting of a main parent airdrome, or base airdrome, and one 
or more smaller airdromes spread out at some distance from the parent 
field. These smaller airdromes may be called auxiliary airdromes or 
satellite fields because they are in the area of the air base and depend 
upon the parent field for complete repair and supply facilities. 

b. Dispersed airdrome. — An airdrome at which runways and all 
facilities for aircraft have been spread out (dispersed) to make them 
less vulnerable as targets. 

o. Field airdrome. — A dispersed airdrome, generally in the theater 
of operations, built for wartime use only. Construction is the mini- 
mum consistent with military necessity. The base airdrome or the 
satellite fields mentioned in a above may be field airdromes. This 
manual is concerned mainly with field airdromes. 

d. Alternate airdrome. — An airdrome available for the use of air 
force units in place of the one to which they are assigned. 

e. Staging field. — An airdrome available for temporary occupancy 
of military aircraft during movements from one airdrome to another. 

/. Advanced landing field. — An area in the combat zone used for the 
landing and take-off of aircraft. Where runways are used, normally 
there is only one, and that one of temporary construction. Only mini- 
mum facilities, if any, are available for servicing. At most they con- 
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sist of drums of gas, cases of ammunition, and light bombs stacked 
under available natural cover. 

g. Landing strip or -flight strip . — A straight section of existing sur 
faced highway, or a strip adjacent to a highway, suitable for quick 
conversion into a runway. It may require highway traffic control and 
a bypass road. 

h. Cleared zone. — A cleared and graded area for the landing and 
take-off of aircraft, including runway and shoulders. 

i. Runway. — The portion of the cleared zone, usually along the 
center line, which is surfaced for all-weather landing and take-off of 
aircraft. 

j. Approach zone. — An obstruction-free trapezoidal area at each 
end of the cleared zone. 

k. Angle of glide. — The slope of a line extending upward and out- 
ward from the end of the cleared zone, above which no obstruction 
may extend within the area of the approach zone. Slopes vary from 
50 to 1 to 20 to 1. 

l. Obstruction. — Any object which presents a hazard to flying on an 
airway near an airdrome or which interferes with the safe landing 
and take-off of aircraft. 

m. Taxiway. — Cleared, graded, and surfaced ways over which air- 
planes may taxi or be towed. Taxiways connect parking areas and 
runways providing traffic circulation. 

n. Parking area. — An area in which a number of aircraft are parked. 
A surfaced parking area for a single airplane is called a hard standing. 
A surfaced area known as an apron is used for parking more than one 
airplane. 
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Chapter 2 

ORGANIZATION AND DUTIES 

Paragraph 



General 6 

Units 7 

Staff functions 8 

Engineer section, air force 9 

Engineer section, headquarters, air service command 10 

Engineer headquarters company, air force 11 

Engineer aviation topographic company 12 

Engineer aviation battalion 13 

Engineer aviation company ___ 14 

Engineer aviation regiment 15 

Engineer camouflage battalion, air force 16 

Airborne engineer aviation battalion 17 

Units other than aviation engineers 18 



6. General. — a. Engineer aviation units are organized along the 
same general lines as combat and general service engineer units. 

b. To understand the organization of the aviation engineers, it is 
necessary to know the organization of the air forces. Figure 2 
shows the organization of a typical air force with particular reference 
to the aviation engineers. 

0. It must be understood that organization is subject to change. 
Different theaters of operations may require special organizational 
features in each case. This chapter is a general guide only and is 
based on Tables of Organization as of October, 1942. 

7. Units. — a. Engineer section, headquarters, air force (T/O 
5-800-1). 

b. Engineer air force headquarters company (T/O 5-800-2). 

c. Engineer aviation topographic company (T/O 5-447). 

d. Engineer section, headquarters, air service command (T/O 
1-400-lS). 

e. Engineer aviation regiment (T/O 5-411). 

f. Engineer aviation battalion (T/O 5-415). 

g. Engineer aviation camouflage battalion (T/O 5-95). 

h. Engineer aviation company (T/O 5-417). 

1. Airborne engineer aviation battalion. 

8. Staff functions. — a. Engineer staff functions in an air force 
are conducted generally in two separate engineer sections. These are 
the engineer section of the air force headquarters and the engineer 
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section of the air service command headquarters. There may be 
additional engineer staffs with fighter, bomber, and air support com- 
mands when these commands operate independently. The duties 
assigned respectively to the air force engineer and to the air service 
command engineer may be modified in each case by the air force 
commander. The two engineer sections may sometimes be combined 
in one. The division of duties given in paragraphs 9 and 10 is a guide. 

b. In general, operations of aviation engineers with an air force 
which are concerned with the selection and construction of new 
airdromes come under the direct supervision of the air force engineer. 
This is especially the case in a mobile situation, as in an advance 
into hostile territory. On the other hand, all engineer operations 
having to do with the maintenance and servicing of operating air- 
dromes come under the engineer of the air service command. In 
static situations, all construction activities and the troops to execute 
them may be placed under the direction of this command. 

9. Engineer section, air force. — a. The air force engineer and 
his staff estimate engineer requirements of the air force and recom- 
mend assignment and employment of all engineer troops of the air 
force. The air force engineer also commands all engineer units not 
assigned to subordinate commands. 

b. Staff duties of the air force engineer include — 

(1) Furnishing technical advice and assistance on engineer mat- 
ters to air force commander. 

(2) Planning $nd supervising employment of all aviation engineer 
units assigned to air force. 

(3) Reconnaissance and recommendations in conjunction with A-3 
as to selection of sites for advanced airdromes. 

(4) Preparation of air force engineer administrative plans, in- 
structions, orders, and training directives. 

(5) Liaison with engineers of ground forces and services of supply. 

(6) Determination of engineer equipment and material require- 
ments for contemplated air force operations. 

(7) Administration of supply credits for engineer material and ad- 
ministration of engineer funds for air force. 

(8) Inspection of engineer troops, equipment, and material. 

c. Duties of the air force engineer exercised through units under 
his command include — 

(1) Command of all engineer troops not assigned to subordinate 
units. 
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(2) Construction of field airdromes and advanced landing fields 
including — 

(a) Landing field with runways, taxi ways, hard standings, and 
dispersed installations. 

(b) Facilities for servicing and arming aircraft. 

(<?) Storage areas for gasoline, oil, and ordnance supplies. Supplies 
are dispersed, concealed, and sometimes protected. 

(d) Housing for personnel. 

(e) Defensive installations, and protective structures if used. 

(/) Camouflage. 

(g) Water supply. 

(A) Sanitary facilities. 

(3) Rehabilitation of captured airdromes through employment of 
aviation battalions or airborne aviation battalions. 

(4) Reproduction of maps, charts, and overlays, and (in conjunc- 
tion with photographic squadrons) preparation of appropriate charts 
and target maps as required. 

10. Engineer section, headquarters, air service command. — 
The engineer, air service command, is responsible for the expansion 
and maintenance of existing airdromes or air bases occupied by the 
air force. Duties of the engineer and his staff include — 

a . Supervision of engineer activities in the air service command in- 
cluding — 

(1) Command of engineer troops not assigned to subordinate units. 

(2) Disposition of engineer troops assigned to air service command 
in accordance with approved plans. 

(3) Establishment and operation, as necessary, of engineer supply 
points for camouflage and construction materials. 

(4) Procurement, storage, and distribution of engineer supplies and 
equipment, and collection and salvage of damaged engineer equip- 
ment. 

b. Maintenance and improvement of air force facilities including — 

(1) Maintenance and repair of existing airdromes. 

(2) Maintenance and repair of routes of communication to and 
from airdromes. 

(3) Repair of airdromes after enemy bombardment. 

(4) Assistance in preparation of plans for defense of existing air- 
dromes against air and ground attack. 

(5) Preparation of plans for demolition of existing airdromes. 

(6) Construction of mine fields, road blocks, and obstacles. 

(7) Maintenance of structures, water supply, and electrical instal- 
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c. Provision of engineering construction and maintenance services 
for service center area. 

d. Inspection and training of engineer units attached to air service 
command. 

e. Technical inspection and supervision of engineer installations at 
airdromes, air bases, and other air force installations. 

/. Assistance to air force units in providing and maintaining cam- 
ouflage ; provision for instruction in camouflage to air force units. 

g. Recommendations to A-4 on traffic regulation when required. 

11. Engineer headquarters company, air force. — This com- 
pany is attached to the air force headquarters and is operated under 
the air force engineer. It performs necessary drafting, designing, 
surveying, planning, and reproduction, and furnishes camouflage 
assistance in connection with the activities of the engineer aviation 
battalions and regiments under the air force engineer. 

12. Engineer aviation topographic company. — This company 
makes aeronautical and target charts and mosaics from aerial photo- 
graphs taken by photographic groups of the air force. It works as 
part of a team with the photographic groups and normally is assigned 
on the basis of one per photo group. 

13. Engineer aviation battalion. — The battalion consists of a 
battalion headquarters, headquarters and service company, three let- 
tered companies, and medical section. The battalion is the usual field 
operating unit. It is a balanced organization capable of executing 
complete construction of an airdrome, working simultaneously on all 
phases of construction. Each company has a considerable amount of 
earth-moving equipment, supplemented by equipment in headquarters 
and service company. 

14. Engineer aviation company. — Separate companies are or- 
ganized as required for particular missions. They are identical with 
the lettered company of the battalion. 

15. Engineer aviation regiment. — The regiment is composed of 

three battalions and a headquarters and service company. It is 
designed for operation in a large theater where much work is concen- 
trated in a small area. It acts as a depot or pool for additional equip- 
ment which may be sent to individual battalions as the need arises. 
The battalions within regiments are identical with other engineer 
aviation battalions. ' 

16. Engineer camouflage battalion, air force. — In a theater of 
operations this unit furnishes technical assistance, supervision, and 
control for the camouflage activities of all air force units in connec- 
tion with the design, planning, and execution of their camouflage 

11 Original from 

:.v - v. .uujjK UNIVERSITY OF CALIFORNIA 



TM 5-255 
10-18 



CORPS OF ENGINEERS 



works. It fabricates and supplies camouflage materials from local 
sources and carries on experimentation for new camouflage methods. 
The battalion is responsible for the indoctrination and training of all 
air force units in connection with camouflage policy, discipline, prac- 
tices, and techniques. It accomplishes these responsibilities by means 
of schools and field demonstrations and by preparation and dissemina- 
tion of publications and posters. 

17. Airborne engineer aviation battalion. — These troops with 
their light equipment perform the pioneer work of repair and rehabil- 
itation of advanced airdromes which are not accessible by overland 
movement of standard equipment. Airborne aviation engineers are 
covered in detail in chapter 15. 

18. Units other than aviation engineers. — General service en- 
gineer units or other general and special engineer units may be 
assigned to airdrome construction. In rear areas, general service units 
may take over construction and maintenance from aviation engineer 
units to allow the latter to move to forward areas. Combat engineer 
troops may expect assignments to construct advanced landing fields. 
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19. General. — The equipment issued to aviation engineers has been 
selected for its usefulness in airdrome construction and maintenance. 
Proper use of this equipment is essential to the fulfillment of the mis- 
sion. The equipment consists principally of standard comjnercial 
items of heavy earth-moving and compaction machinery, together with 
other items also issued to general service and combat engineers. Spe- 
cial equipment not organically issued to troops may be obtained from 
the theater of operations depots. This equipment is largely heavy 
construction equipment capable of providing various types of surfaces 
for runways. It consists of asphalt and concrete plants and auxiliary 
equipment. Kequirements in different theaters of operation vary; 
therefore, each battalion may not have identical equipment. 

20. Maintenance. — a. Maintenance of equipment cannot be 
stressed too highly. The battalion cannot operate unless its equipment 
is in working condition. There must be continuous first echelon and 
preventive maintenance by all drivers and equipment operators, fre- 
quent command inspections, periodic technical inspections, and regular 
and systematic second echelon maintenance. Some form of daily 
motor inspection and servicing is necessary. All personnel who are 
drivers, operators, mechanics, or supervisors must become thoroughly 
familiar with FM 25-10. 
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b. Since engineer aviation units frequently operate in remote areas, 
maintenance normally performed by higher echelons is often accom- 
plished within the unit. Two items of equipment are provided spe- 
cifically for maintenance and repair facilities. They are the shop, 
motorized, type A, and the shop, motorized, type B. Although these 
shops are designed to work together, complementing each other, they 
may be separated if necessary. 

(1) Each shop can furnish its own power but outside power may be 
used when available. Facilities are provided whereby three-phase 
power of either 208, 220, 380, or 440 volts may be used by proper switch- 
ing arrangements. Outside 110-volt a-c power may be used for most 
equipment. 

(2) The two shops are well equipped to make repairs to equipment 
of engineer aviation units. Proper training of maintenance personnel 
is essential. Maintenance should be placed in competent supervisory 
hands and every effort made to stress precise workmanship. The best 
repair facilities are worthless without proper supervision, training, 
and mechanical ingenuity on the part of the operating personnel. 

21. Earth-moving equipment. — a. This equipment consists of 
tractors, scrapers, shovels, and rooters. The tractor (80 dbhp, Diesel 
powered) with angledozer is a high production earth mover designed 
for rough, heavy work. Particularly adapted to drifting material a 
short distance, it smoothes the way for graders, scrapers, and trucks. 
The quantity of earth moved is much greater when the dozing is done 
on a downgrade. The tractor has a rear-mounted dual drum power- 
control unit for the operation of scrapers, cranes, and rooters. In 
soil which is hard to load into scrapers, the tractor may be used as a 
pusher in order to fill scrapers to capacity. Among the varied tasks 
which the tractor with angledozer can perform are clearing, pioneer- 
ing, sidehill cutting, leveling, snow removal, loading trucks from 
ramps, and backfilling. 

b. The tractor-drawn scraper (scraper, self-loading, towed type, 
cable operated, 8-yard) is designed for medium hauls from 200 to 
3,000 feet. For maximum production the scraper should be loaded 
as it moves downgrade. Scrapers should not be used in rocky material 
as the cutting edge will last only a few hours under such conditions. 

c. Two sizes of shovels are issued to the battalion. On is a %-yard 
truck-mounted shovel, while the other is a %-yard crawler type. The 
%-yard shovel (crane, truck-mounted, with pile driver, %-yard drag- 
line, and trailer) can be moved quickly for short distances with its 
trailer, on which are loaded the attachments for converting it to a 
dragline, pile driver, clamshell, or crane. The %-yard shovel (shovel, 
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gas engine, %-yard) is also convertible but is not so mobile as the 
truck-mounted shovel. These shovels may be used for loading sand 
or gravel from stockpiles into trucks, and have sufficient power for 
excavating when the soil is not laden with boulders or frozen. Under 
average conditions the % -yard shovel can deliver 40 cubic yards of dirt 
per hour and the %-yard shovel can deliver 35 cubic yards. They are 
well adapted for all types of light earthwork under all conditions. 
The dragline bucket is useful for opening trenches, loading trucks, and 
for dirt work where it is possible to cast the spoil. The clamshell 
bucket is also useful for ditching, unloading sand and gravel, and 
handling stockpile material. The clamshell and dragline may be used 
for excavating under water. The pile driving leads can handle piling 
14 inches in diameter and about 25 feet long when the piling is to be 
driven into the ground which is level with the shovel tracks. The 
pile driver hammers on the %-yard and %-yard shovels weigh 1,200 
and 1,800 pounds, respectively. 

d. The cable-operated road rooter is designed to loosen soil for quick 
loading of power scrapers or for other grading and mixing equipment. 
It is also used for clearing and grubbing operations and for loosening 
and opening pavements other than concrete. 

22. Grading equipment. — Graders are of two types: motorized 
and drawn. The motorized grader (grader, motorized, Diesel), is a 
high speed • maintenance unit which can perform finished grading. 
Together with the scrapers it can be used for maintaining roads, 
sloping, constructing drainage ditches, and keeping cut and fill in 
proper condition. It may also be used for light scarifying work. 
The towed grader (grader, road, towed, leaning wheel), a lighter 
machine, is used for rough grading, for pioneer road work, and for 
preliminary ditching. 

23. Compaction equipment. — For compaction, several types of 
rollers are used. The sheepsfoot roller (roller, sheepsfoot, two 
drums in line) is used to compact cohesive soils, soil-cement mixtures, 
and some bituminous mixtures. As the roller passes over loose ma- 
terial the projecting “feet” apply weight to loose particles, forcing 
them downward to a compacted seat. This operation is repeated 
until all of the material has been packed and the marks made by the 
feet are but shallow indentations. This operation is known as “rolling 
out.” The marks left by the feet are then kneaded into the surface 
and a smooth, firm base obtained by using the rubber-tired roller 
(roller, towed, rubber-tired, 13 wheels). The wheels of this roller 
operate independently of each other in a wobbly fashion off an eccen- 
tric axle, and the front wheels are alined to cover the spacing 
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between the rear wheels. For final compacting and to finish the 
surface, the smooth-surfaced rollers are used (roller, 5- to 8-ton, tan- 
dem two-axle; and roller, 10-ton, three-wheel). The sheepsfoot and 
tandem rollers are weighted by filling drums or wheels with water or 
sand, and the rubber-tired roller is weighted by loading sandbags 
onto the body. 

24. Bitumen and water distributing equipment. — a. Bitumi- 
nous materials are usually shipped in drums but may be shipped 
by tank car, barge, or boat. In each battalion, tanks (tank, 1,500- 
gallon, with steam coils, trailer-mounted) are specially equipped to 
heat bitumen in drums, thus emptying the drums and providing a 
supply of hot bitumen. Circulating hot water or steam to heat the 
bituminous materials in the 1,500-gallon tank or in the tank cars is 
furnished by an asphalt heater (heater, asphalt, trailer type). The 
liquid bitumen may be distributed in large quantities in two ways. 
The usual method of distribution is with the bituminous distributor 
(distributor, asphalt and bituminous, 1,250-gallon, trailer-mounted). 
This distributor applies fluid bitumen over large areas. For small 
work and for maintenance patching, the asphalt kettle (kettle, as- 
phalt, trailer-mounted) is used. This kettle, with a capacity of 165 
gallons, has a motor-driven pump and a hand-spraying attachment. 

b. Water is distributed for construction in two ways. One method 
is with the same 1,500-gallon trailer tank used for heating drums of 
bitumen. A pump (pump, water, with distributor, trailer-mounted) 
is attached to the trailer tank. Water may also be spread by attach- 
ing the pump just mentioned to water tanks placed on trucks (tank, 
750-gallon, two compartments, skid-mounted). 

25. Stabilizing equipment. — For subgrade and base stabiliza- 
tion the following pieces of equipment are used: 

Plows for mixing (tractor, disk, and gang). 

Motor grader, for scarifying and mixing (grader, motorized 
Diesel). 

Harrows, for mixing (harrow, spike tooth). 

Rotary tiller, for completing the mixing (mixer, rotary tiller). 

Sheepsfoot roller, for compaction (roller, sheepsfoot, two 
drums in line). 

Fine grading with the motor graders using the blades and flat- 
wheel rollers (roller, 10-ton three-wheel; also roller, 5-8 ton 
tandem two-axle). 

During these operations water is used in quantity (tanks, 750-gallon, 
two compartments, skid and tank, 1,500-gallon, with steam coils, 
trailer-mounted) . 
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26. Drainage equipment. — The ditching machine (machine, 
ditching, digging depth 8 feet 3 inches; 24 inches width) is used to 
dig narrow trenches in soil for such purposes as subdrains, burying 
conduit or pipe, and latrines. Hand excavation in places inaccessible 
to the ditcher is supplemented by compressed air or portable gas 
hammers. Motor graders are used to cut small open V-ditches. A 
shovel, dragline, scraper, or angledozer may be used for large channels. 
Diaphragm pumps may be used to remove seepage water from exca- 
vations, or to pump collected drainage water from sumps at sites pro- 
tected by dikes or levees. Other pumps are available in theater head- 
quarters depots. 

27. Aggregate production plant. — A plant for crushing, screen- 
ing, and washing rock, of 150 tons per hour capacity, and a gravel 
crushing and screening plant of 100 tons per hour capacity are included 
in the heavy construction equipment normally issued to theater head- 
quarters depots. These prepare aggregate for all base and surface 
courses including concrete and bituminous paving as well as .for 
backfilling subdrains, maintenance stockpiles, and miscellaneous con- 
struction. 

28. Asphalt plant. — a. Equipment. — The following heavy con- 
struction equipment is located in theater headquarters depot stocks. 
It is issued to battalions as needed. 

Units per 

set 

1 Conveyor, belt, transfer, 24 inches by 57 feet 

1 Dryer, aggregate, dual drum, travel or central plant, 80 to 150 
tons per hour, trailer-mounted 

1 Elevator, aggregate, bucket, inclosed 

1 Finisher, asphalt, crawler-mounted, 12-foot paving width 

2 Heater, asphalt, three-car, 42 horsepower boiler, trailer-mounted 

2 Loader, bucket, three cubic yards per minute, crawler-mounted 

1 Mixer, asphalt, travel or central plant, 110 to 200 tons per hour 

Piping, for boilers, dryer, tanks, etc. 

1 Pump, asphalt, with distributor attachments, trailer-mounted 

2 Tanks, asphalt storage, steel, 4,000-gallon, bolted, with steam 

coils 

b. Function. — The primary function of this equipment is rapid 
construction of stabilized base or surface course mixtures by mixing 
in place on the runway or mixing at a central location. The equip- 
ment vvill produce stabilized mixtures of natural materials, soil-cement 
mixtures, and bituminous mixtures. 

c. Mixed-in-place operations. — For mixing in place the crawler - 
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mounted bucket loader and trailer-mounted mixer are joined to form 
a travel plant. This unit mixes water and cement, or bitumen with 
aggregate laid in windrows on the runway. The mi xin g process is 
continuous down the length of the windrows. The crawler-mounted 
finisher may follow the traveling mixer to spread and finish bituminous 
mixtures. In an emergency wet windrowed aggregate may be dried 
by combining the crawler-mounted bucket loader and trailer-mounted 
dryer into a traveling dryer unit to precede the mixing unit. If condi- 
tions permit, the best method of drying with aggregate is to dry in 
place with grader manipulation. 

d. Central plant-mix operations . — All of th6 pieces in the set may 
be assembled into a central plant to produce any type of bituminous 
mixture. 

29. Concrete equipment — The concrete mixer (mixer, 14 cubic 
feet trailer-mounted) serves all the needs for concrete at an airdrome 
other than for the placing of concrete runways. It may be used for 
motor repair shop floors and grease pits, for footings, for foundations 
for lathes and delicate meteorological instruments, for retaining walls 
and small dams, and for catch basins and bridge abutments. Equip- 
ment for constructing concrete runways, issued normally to the theater 
stockpile, consists of a 34 cubic foot paver, a batching plant, steel 
forms, form tamper, spreader, finisher, and hand finishing tools. 

30. Compressed air equipment. — The compressed air units 
(compressor, air, motorized), consisting of 105 cubic feet per minute 
compressors mounted on trucks, have handy tools for speeding up 
work. Air tools furnished with the units include chain saws, circular 
saws, paving breakers, diggers, spades, and moil points, tampers, and 
nail drivers. Two tools can be operated at once. However, two large 
tools can be operated only intermittently because they will exceed the 
105 cubic feet per minute capacity. When using the drills the larger 
bits should be put on first and progressively smaller ones later as 
depth is attained. The clay spades are useful for excavating in hard- 
pan and also are excellent vibrators for concrete. 

31. Water supply equipment. — a. During early operations wa- 
ter is pumped into tanks and trucked or dragged to the places needed. 
Two-inch pumps (pump, 2-inch centrifugal, 10,000 gallons per hour) 
are available for lifting water, and water tanks (tank, 750-gallon, 
skid-mounted) may be used for transporting it. The tanks may also 
be used for storage and transport of fuel oil and gasoline. 

b. The 4-inch diaphragm pump is available for pumping very 
muddy water and for places where pumping is intermittent with a 
large amount of air. It is mounted on two steel wheels and has three 
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25-foot lengths of hose, one intake, and two discharges. At 50-foot 
head it puts out 6,000 gallons per hour. 

c. The water purification unit consists of a pumping and treatment 
section, a filter section, three 3,000-gallon canvas storage tanks, and 
accessories including facilities for testing water. 

32. Electric lighting equipment. — a . The 3-kilowatt set in the 
company (electric light equipment, 3-kilowatt) and the 5-kilowatt set 
in the battalion (electric light equipment, 5-kilowatt) are used for 
outside illumination. Floodlights (light, flood, 150-watt) issued to 
each company and to the battalion are used with the sets on runway 
sites and other construction points. Also, carbide floodlights (flood- 
light, carbide) are furnished to each company. They may be used in 
widely separated places but are subject to weather conditions. 

b. Illumination in buildings is limited to the light furnished by 
lanterns. In areas where blackouts are not necessary three types of 
lanterns are used. They are the portable electric lantern, the gas 
lantern, and the standard kerosene lantern. 

33. Miscellaneous. — a . Camouflage equipment. — Issued to bat- 
talion headquarters and service company, the tools and equipment in- 
clude a paint agitator, several paint-spraying sets, and other small 
hand tools. 

b. Plow , tractor. — This is used to break the ground where fills are 
to be made in order to consolidate the fill with the existing earth. 
It is also used to loosen earth in grading operations and to assist 
mixed-in-place operations. 

c. Sweeper , rotary , tractor-operated . — Issued as part of the battalion 
special equipment set. It is an attachment for the front of the gasoline 
tractor (30 dbhp) with a power take-off at the side of the tractor. 
The fiber broom is operated by a shaft and chain drive. It is used 
for removing sand, dust, gravel, and light snow from roads and 
runways, for cleaning, and in preparation for bitumen application. 

d. Tractor , rubber-tired , 30 dbhp. — A prime mover for light and 
medium road working equipment. 

e. Trailers , low bed. — The 8-ton trailer is used for hauling tractors 
and the'16-ton trailer for general transportation. Sixteen-ton trailers 
are issued to the company for hauling its D-T tractors. 

f. Crane , tractor-operated . — Mounted on two rubber tires and op- 
erated by the drum control mechanism mounted on the rear of a 
tractor. Leverage applied through a system of cables permits a 20-ton 
lift. The boom of the crane is 20 feet long with a 5-foot overhang at 
the end. The crane is used for heavy work. It is not adaptable to 
lifting and swinging work because it is hard to turn with a load 
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suspended. The overhang makes it useful for such work as removing 
an engine from an airplane. 

34. Hand tools. — Lettered companies are equipped with demoli- 
tion, carpenter, and pioneer sets identical with those issued to combat 
companies. 

35. Transportation. — a. The engineer aviation battalion is not 
motorized. The personnel can be carried in one move provided all 
vehicles are used, but the prime movers must be sent back to shuttle 
the equipment forward. 

b. Transportation consists of personnel carriers, combat vehicles, 
and heavy equipment prime movers or carriers. These are issued as 
follows (T/BA 5) : 





Issued to— 




Vehicles 


Ltr Co. 


Bn HAS 
Co 


Purposes 


Car, half-track, M2 


i 


i 


Reconnaissance, security, and 


Truck, %-ton, 4x4 . .. 


4 


4 


combat. 

Reconnaissance and transporta- 


Truck, %-ton, 4x4, carry- 




1 


tion. 

Reconnaissance, carry-all. 


all. 








Truck, %-ton, 4x4, com- 


1 


1 


Reconnaissance and command. 


mand. 








Truck, %-ton, 4x4, weapons 




3 


Cargo, weapons carrier. 


carrier. 








Truck, 2%-ton, 6x6, cargo. . 
Truck, 2%-ton, 6x6, dump, 


8 


10 


Kitchen and supply, prime 
mover for two trailers, 1- 
ton, two-wheel tank (250 
gallons water). 

Earthwork, personnel, and 


with winch. 

Truck, 2%-ton, 6x6, tank, 




1 


prime mover. 
Carrying water. 


750-gallon. 








Truck, 4-ton, 6x6. 


3 


5 


Earthwork and prime mover. 


Truck, 6-ton, 6x6 prime 




3 


Cargo, and prime mover. 


mover, with winch. 









c. Personnel vehicles and all trucks up to 2y 2 -ton can move at normal 
convoy speeds and can make long motor marches. However, prime 
mover equipment such as the 4-ton and 6-ton trucks, the distributor, 
the concrete mixer, the rooters, and the 30-horsepower tractor (on 
trailer) must move at slower speeds and cannot make such long 
marches. A group even more difficult to move includes the heavier 
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equipment such as the scrapers, graders, and D-7 tractors. They must 
travel at very slow speeds and are restricted to short marches. Finally 
there is a fourth group which is usually moved only in the vicinity 
of construction jobs. Trailers with shovels, track-laying tractors not 
on trailers, smooth rollers, ditching machines, and tractor cranes are 
normally shipped by rail when moved from one job to another. 

36. % Weapons. — Each lettered company and headquarters and 
service company is issued one half-track car. The half-track is 
equipped with two air-cooled machine guns, one .50 caliber and one 
.30 caliber. Each company has one 37-mm antitank gun and four 
.50 caliber antiaircraft machine guns. Personnel are armed with pis- 
tols, carbines, Ml rifles, and bayonets (T/BA 5). 
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Figure i \. — Auger, earth, gas, motorized. Weight 12,800 pounds on 2%-ton truck, 6x6. 
Furnished with bits 12 inches to 24 inches in diameter. Used for demolition work, 
post holes, etc. 
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Figure 4. — Clearing unit, tractor-mounted. Weight 14,000 pounds. Tractor with winch 

for pulling stumps. 
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Kiuukh 5. — Compressor, air, motorized, 10“> cubic feet per minute. Weight 12,180 pounds 
on 2% -ton truck, G x 6. Air unit for pneumatic tools, circular saw, clay spade, jack 
hammer, drills, and pavement breaker. 




... J 

Kigukk 6 .- -Cultivator, chisel, 12-inch spacing, 8 feet v idth. Weight, 2,270 pounds. Trac- 
tor-drawn. To loosen, break up, and mix soil after scarification, and for progressive 
stabilization. 
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Figure 9. — Distributor, bituminous, 1,250-gallon, trailer-mounted. Weight 10,720 pounds empty, 20,980 pounds loaded. For heating, trans- 
porting, transferring, distributing, or hand spraying materials for bituminous surfaces. 
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Figure 10. — Grader, road, motorized, Diesel, 12-foot moldboard. Weight 22,150 pounds. For construction and maintenance of runways 

roads. Equipped with floodlights for night work. 
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Figure 11. — Grader, road, towed, leaning wheel, hand-controlled, 12-foot moldboard. Weight 12,175 pounds. Requires 60 dbhp. To construct 

or widen temporary new roads, or to widen existing roads, and for maintenance of surfaces. 
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Figure: 12. — Heater, asphalt, two-car, 28-horsepower boiler, trailer-mounted. Weight 

6,400 pounds. Steam generating plant to heat bituminous material in tank cars or in 
the 1,500-gallon, trailer-mounted tank. May also be used for steam cleaning equipment. 




Figure! 18. — Kettle, asphalt, 165-gallon, with motor-driven hand spray, trailer-mounted. 
Weight 1,500 pounds. For transporting and heating bituminous materials for repair- 
ing roads and runways. 
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Figure 14. — Machine, ditching, ladder type, digging depth 8 feet 3 inches, 24-inch width, 
crawler-mounted. Weight 23,000 pounds. For excavating trenches for fortifications, 
drainage, and utilities. 
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Figure 15. — Hammer, gas, portable. Weight 100 pounds. One-cylinder gas engine, hand- 
operated, for breaking rock and pavement. Fitted with attachments : paving breaker, 
tamper, spades, and drills. 
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Figure 16. — Mixer, concrete, 14 cubic feet, trailer-mounted. Weight 6,200 pounds. Self- 
powered, gas-operated, truck-drawn. For mixing concrete for general use. 
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Figure 17. — Lubricator, trailer-mounted. Weight 11,224 pounds. For furnishing com- 
pressed air, grease, and brake fluid for equipment. 




Figure 18. — Mixer, rotary tiller, soil stabilization, self-powered, trailer-mounted, tractor- 
drawn. Weight 4,025 pounds. To mix cement or asphalt with soil. 
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Figure 19. — Bucket loader unit. Weight 20,975 pounds. Used to pick up aggregate from 
windrow and carry it to processing unit in travel mixer. May also be used for loading 
dump trucks with aggregate. 
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Figure l’O. — M ixer, asphalt, in operation as central plant. Weight 27,500 pounds, 
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Figure 21. — Asphalt plant, operated as travel plant. Drier and bucket loader shown. 
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Figure 22. — Asphalt plant, operated as travel plant. Mixer and bucket loader shown. 
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Figure 23. — Plant, crushing, screening, and washing, rock, complete with pumps and piping, 150 tons per hour, crawler-mounted. 
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Fujuiib 24. — Pump, bituminous, with distributor attachments, trailer-mounted. Weight 
3,940 pounds. Capacity 350 gallons per minute at 350 rpm. For pumping asphalt 
and adaptable for use as a distributor in connection with 1,500-gallon trailer tanks. 
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Figure 25. — Plow, 5-<lisk, heavy. 28-inch disk. Weight 5,450 pounds. To break up soil 

preparatory to soil stabilization. 




Figure 20. — Pump, centrifugal, 2-inch discharge, 107-gallon per minute, 25-foot head. 
Weight 235 pounds. Fitted with 20-foot intake hose and two 25-foot discharge hoses. 
For water supply on construction work. Furnishes high capacity flow at low head. 
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Figure 27. — Punrp, water, with distributor attachments, trailer-mounted. Weight 2,000 
pounds. Eighteen-foot spray bar, 3-inch discharge. For dust alleviation or construc- 
tion of stabilized bases. To distribute water containing appreciable amounts of silt at 
controlled rates of application. Development model illustrated. Actual capacity of 
pump by itself is 400 gallons per minute at 45 pounds per square inch. When pump is 
operating as a distributor, the capacity is reduced to 350 gallons per minute at 20 
pounds per square inch. 
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Figure 28. — Roller, road, towed-type, rubber- tired, 13 wheels. Weight 3,500 pounds. 
Smooth pneumatic tires weighted to compact by kneading action. To compact stabilized 
mixtures and bituminous surfaces. 




Figure 29. — Roller, road, powered, gasoline, two-axle tandem, 5- to 8-ton. Weight 11,350 
pounds. For compacting roads and runways ; principally for finish rolling. 
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Figure 30. — Roller, road, powered, gasoline, tliree-axle tandem. 9- to 14-ton. Weight 
18, GOO pounds. For compaction of bituminous materials and subgrade. 




Figure 31. — Roller, road, towed-type, sheepsfoot. two drums in line. Weight 6,040 
pounds. Fill with water or sand to increase weight. For stabilizing soil and stabilized 
mixtures by compaction and for compacting fills. Unit pressure developed is 140 pounds 
per square inch when empty, 254 pounds per square inch loaded with water, and 333 
pounds per square inch loaded with saturated sand. 
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Figure 32. — Sweeper, rotary, tractor-mounted, tractor-powered. Weight of sweeper unit, 
860 pounds. Sweeper, 6 feet wide. For sweeping roads and runway surfaces prepara- 
tory to applying asphalt ; for removing sand, dust, gravel, and light snow. 




Figure 33. — Scra]>er, self-loading, towed-type, cable-operated, 8 cubic yards. Weight 
14,000 pounds. For earthwork. Heaped capacity 11 cubic yards. 
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Figure 34.— Semper, self-loading, towed-type. cable-operated, 12 cubic yards Weight 
20,200 pounds. For earthwork. Heaped capacity 15 cubic yards. 




Figure 35. — Shop, repair, machine, motorized, unit B. Weight 17,000 pounds. For repair 

and maintenance of equipment. 
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Fioukk 36. — Shop, repair, welding, motorized, unit A. Weight 18,000 pounds. For repair 

and maintenance of equipment. 



igilized by Google 



47 

UNIVERSITY OF CALIFORNIA 




TM 5-255 

36 



CORPS OF ENGINEERS 




Figure 37. — Shovel, gasoline, tractor-mounted, % cubic yard. Weight 2tt,050 pounds with 
attachments : shovel, crane boom, clamshell, dragline, bucket, pile driver, and leads for 
earth excavation, for loading, and for pile driving. 
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Fiuuue 38. — Shovel, gasoline, crawler-mounted, % cubic yard. 

%-yard shovel. Diesel drive ; UO-ton trailer. Weight 



Attachments same as 
37,000 pounds. 
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Figure 39. — Tank, asphalt, steel, 1,500-gallon, with steam coils, trailer-mounted. Weight 
10,000 pounds. Insulated. To store, heat, and transport bituminous materials. When 
used for asphalt pump, distribution can be made direct from tanks. 
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Figure 41. — Tractor, rubber-tired, gasoline, 30 dbhp. Weight 5,120 pounds. Prime mover 
for light and medium road working equipment* 



Figure 40. — Tractor, crawler-type, Diesel, with angledozer, 80 dbhp. Weight 32,003 pounds. 
Fifty-four inches center to center of tracks. With cable-operated angledozer, single drum 
front power control, and double drum rear i>ower control unit. For heavy grading and 
backfilling. Prime mover for heavy earth-moving equipment. 
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37. General. — See FM 21-5 for complete information on general 
training methods. 

a . The objective of all aviation engineer training is to prepare 
units to perform the duties listed in chapters 1 and 2. Particular 
emphasis is placed on the following : 

(1) Development of efficient construction crews. 

(2) Use of camouflage. 

(3) Full use of combat strength of engineer units in active defense. 

b. Aviation engineers must know intimately the needs of the air 
forces. They should be stationed during the training period at an 
airdrome where close contact with air force personnel, equipment, 
facilities, and installations is a part of the engineers’ daily life. 
Aviation engineers must be air-minded . 

c. Training falls into three general classifications : basic, technical, 
and tactical. 

38. Basic training. — a. Basic training is given to all engineer 
soldiers. It may be completed in a replacement training center 
before the individual is assigned to the unit, but in most instances 
filler personnel will come directly from reception centers with little 
or no training. 

b. Basic training includes the following : 

(1) Disciplinary training to instill habits of obedience, promote 
teamwork, and develop morale and leadership. 

(2) Physical training to develop physique and harden the soldier 
for field service. 

(3) Field service training to teach the soldier how to care for 
himself and his equipment. 
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39. Technical training. — Technical training is designed to pre- 
pare individuals and units for the engineering tasks assigned to 
aviation engineers. 

a. The initial phase of technical training is the training of the 
individual specialist in his regularly assigned task, such as bridge 
carpentry, welding, or equipment operation. At least two operators 
should be trained for each piece of equipment. 

b. Following instruction of individuals, units are trained to execute 
tasks under appropriate commanders. These tasks should be of the 
type to be performed in the theater of operations. All phases of 
airdrome construction should be 'actually covered, not merely simu- 
lated. Training time must not be wasted on post police details or 
other jobs which have little connection with the duties of aviation 
engineers. During this phase of training, emphasis must be placed 
on proper detailed planning and organizing of forces to accomplish 
assigned tasks. To plan poorly or hastily is to defeat the purpose 
of organizational training. Tasks of the following types should be 
assigned : 

(1) Construction of sections of common types of runways with 
different types of drainage, base courses, and surfaces. 

(2) Lay-out of runways and taxi ways in varied types of terrain. 

(3) Construction of dispersed parking areas. 

(4) Lay-out and maintenance of facilities essential to air combat 
units, such as gasoline dumps, water supply, ammunition dumps, 
and shelters for personnel and equipment. 

(5) Construction, maintenance, and operation of utilities. 

(6) Camouflage of runways, parking areas, airplanes, and in- 
stallations. 

(7) Construction of defensive' works at airdromes, including 
weapon emplacements, obstacles, demolition emplacements, and mine 
fields. 

40. Tactical training. — Tactical training prepares the unit for 
participation in combat and for security on the march, in bivouac, or 
while engaged in engineer work. This phase of training must not be 
neglected. Aviation engineers must be fully prepared for aggressive 
combat to protect construction projects. 

a. The first phase of tactical training should impart to the 
individual — 

(1) Thorough knowledge of all assigned weapons. Though an in- 
dividual must specialize in the weapons with which he is equipped, 
every man must l)e able to use a rifle and bayonet. All personnel should 
be able to handle any organic weapon in an emergency. This includes 
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the pistol, carbine, .30 caliber machine gun, .50 caliber machine gun, 
submachine gun, and the 37-mm gun. Officers as well as enlisted men 
should become proficient with these weapons. 

(2) The principles and technique of individual cover and conceal- 
ment. 



Fiquue 42. — Individual phase of training — instruction in use of portable gasoline hammer. 

(3) Practice in scouting and patrolling by day and night. 
b. The second phase of tactical training is the development of fight- 
ing teams. This includes instruction in — 

(1) Technique of rifle fire. 

(2) Antimechanized defense and antiaircraft firing. 

(3) Principles of local security. 
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(4) Combat principles of squad, platoon, company, and battalion 
in the attack and in the defense. 

(5) Active defense of airdromes. 

41. Camouflage training. — Camouflage training is continuous. 
It commences with the first drill and is a basic part of all actual and 
simulated operations in the field. Men should be given an under- 
standing of the principles of camouflage as well as training in required 
techniques. 

42. Training for movement. — Units of all sizes should be 
trained to move quickly from one point to another. All personnel 
must be trained in convoy methods. Loading charts should be pre- 
pared for each unit. Practice marches with full equipment should be 
made until such moves are routine. See FM 25-10 for information 
concerning motor marches. 

43. Schools. — Schools should he established for instruction of en- 
listed specialists and for general instruction of officers and noncom- 
missioned officers. Schools must be organized carefully and competent 
instructors provided. Tests should be devised for checking the value 
of the instruction and the knowledge of the students. Since officers 
and noncommissioned officers must be with their troops during train- 
ing hours, their schools must be held after hours. 

44. Progress charts. — The company commander should keep 
progress charts for the men of his company. He should have at his 
fingertips information as to the state of training of every man in the 
company. 

45. Night problems. — Troops must be trained to carry out all 
types of work at night. Night problems should be conducted to such 
an extent that night operations seem as normal as work during day- 
light. Night training must cover combat work, construction, and 
motor marches. 

46. Training program. — a. Training is carried out in accordance 
with Mobilization Training Program 5-1 and directives from higher 
authority. Training facilities are coordinated through S-3 who indi- 
cates the weekly allotment of hours to each subject in a training 
program. Detailed weekly schedules for each company are set up 
by the company commander. 

b. Training programs should include the following: 

(1) Open periods to be used by company commander for training 
needs not covered in schedule. 

(2) Organized athletics. 

(3) Inclement weather subjects. However, outdoor training should 
be conducted despite inclement weather whenever possible. 

(4) Orientation periods. Original from ' 
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(5) Any time required to be reserved for higher commanders. 
c. A suggested 8-week training program for men with no previous 
training is shown in table I. Any additional time should be spent in 
extended field exercises. An allotment of two additional weeks to 
allow for actual construction of a field airdrome and organization of 
the ground for its defense is desirable. 



Table I 



Subject 


Reference 


Hours per week 


Total 


1 


2 


3 

i 


4 


• 


6 


7 


8 


Basic: 






















Articles of War and 


MCM, AR 600-10, 


2 
















2 


Army Regulations. 


600-355, 615-290, 


1 




















615-300, FM 7-5, 






















21-50. 




















Care, maintenance, 


FM 21-15 


2 
















2 


and marking of 






















equipment. 






















Defense against chem- 


FM 21-40, TM 3-205- 


2 








2 











_ _ 


4 


ical attack. 






















Display of equipment, 


FM 21-15 


1 


2 




1 










4 


tent drill. 






















Drill, close order _ 


FM 22-5 


6 


3 






3 








12 


Drill, extended order. _ 


FM 22-5 


2 


6 




2 


4 








14 


First aid 


FM 21-10, 8-35, 8-40, 


1 


2 














3 




8-50, TM 8-220. 




















Guard duty _ 


FM 26-5 


1 








2 








3 


Hygiene and sanitation. 


FM 21-10, AR 40-205. 


2 
















2 


Identification of air- 


FM 30-30 


1 


1 


1 


1 










4 


craft. 






















Inspections. _ _ _ 


FM 21-15, 22-5, AR 


1 


1 





1 


1 








2 


6 




600-40, 850-5. 




















Marches and camps 


FM 7-5, 100-5, 21-10. 


2 


3 





6 


8 


4 


_ _ 




23 


Military courtesy. 


FM 21-50, AR 600 -25. 


1 


1 














2 


Organization of the 


Circular No. 59, W. 


1 


1 














2 


armed forces. 


D., 1942. 




















Organized athletics. 




2 


2 


2 


2 


2 


2 


2 


2 


16 


Orientation _ 




1 




1 




1 




2 




5 


Physical training _ 


FM 21-20 


2 


2 


2 


2 










8 


Sex hygiene 


AR 40-235, FM 21 10. 


2 
















2 


Technical: 






















Airdrome construction, 


FM 5-10, TM 5-255, 




_ 


.... 


. _ 





18 


16 


10 


44 


repair, and . main- 


5-280. 




















tenance. 






















Bridges (fixed) . 


FM 5-10 








_ 


4 


4 






8 


Camouflage 


FM 5-20, TM 5-255... 


2 


2 




2 


2 








8 


Demolitions 


FM 5-25.. 










2 


2 


4 




8 


Field fortifications- .. 


1 FM 5-15 


2 






4 


2 








8 
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Table I — Continued 



Subject 


Reference 


Hours per week 




1 


2 


! 3 

1 


4 


5 


6 


7 


8 


Total 


Technical — Continued. 
Map reading 


FM 21-25 - . 














8 




8 


Night operations, tech- 
nical. 

Obstacles 


FM 5-10, 5-15, and 
5-25. 

FM 5-15, 5-30. 

FM 5-10, 21-105 


-- 


-- 


— 


2 


6 


4 


2 


-- 


6 

8 


Rigging 








4 


4 








8 


Use, supply, and main- 
tenance of tools, 
equipment, and ma- 
terials. 

Unit field problems 


FM 5-5, 5-10.. 




2 




6 








12 


8 

12 


Tactical — weapons : 
Antiaircraft firing 


FM 23-5, 23-10 






6 










6 


Antitank firing (37- 
mm)*. 

Bayonet 


FM 23-70. 






(10) 












(10) 

8 


FM 23-25 






2 




2 


2 


2 


Carbine * 


FM 23-7 






(10) 

2 












(10) 

2 


Grenades 


FM 23-30 
















Machine gun (caliber 
.30, caliber .50, sub- 
machine gun) *. 

Technique of rifle fire 
(musketry). 

Pistol, caliber . 45 * 

Rifle marksmanship 

Tactical — combat prin- 
ciples: 

Combat principles of 
the squad. 

Combat principles of 
the platoon. 

Combat principles of 
the company. 

Defense of airdromes 


FM 23-55, 23-60, 23- 
65. 

FM 23-5 






(10) 












(10) 

4 






4 










FM 23-35 






(10) 

30 












(10) 

54 


FM 23-5, 23-10 


8 


16 












FM 7-5. 






8 






8 


FM 7-5 












8 




8 


FM 7-5-. 














8 


8 


FM 100-15, TM 5-255, 
TC No. 47, 1941: 
TC 73, No. 1941; 
TC No. 31, 1942.. 

FM 7-5, 100-5 
















4 


4 


(theory). 

Night operations 
















4 


4 


Scouting and patrol- 
ling. 

Open _ 


FM 21-100, 21-45 








3 


3 








6 




4 


4 


4 


4 


4 


4 


4 


4 


32 
























Total - 


48 


48 


48 


48 


48 


48 


48 


48 


384 







•For personnel equipped with weapons indicated. Other personnel to familiarize themselves with 
weapons in spare time. All personnel to receive rifle markmanship. 
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Chapter 5 

AIRDROME SELECTION AND RECONNAISSANCE 



Paragraph 

General 47 

Location 48 

Information furnished engineers 49 

Site reconnaissance 50 

Factors affecting site selection 51 

Land acquisition 52 

Preliminary site lay-out 53 

Site selection report 54 



47. General. — Chapters 5 to 13, inclusive, deal directly with 
operations of aviation engineers in construction, maintenance, and de- 
fensive works at field airdromes. In general these chapters follow 
the natural sequence of these operations. The usual sequence in con- 
structing an airdrome is reconnaissance for site selection and general 
lay-out (ch. 5) ; planning and design (ch. 6) ; general construction, 
including primarily clearing, grading, drainage, and ground instal- 
lations (ch. 7) ; construction of base courses for runways, taxi ways, 
and access roads (ch. 8) ; construction of steel runways (ch. 9) ; and 
similar construction for bituminous or concrete runways (ch. 10). 
Routine and special maintenance of the airdrome (ch. 11) follows, con- 
struct ion. Protective construction (ch. 12) and plans for defensive 
works (ch. 13) may be required concurrently with construction as well 
as after completion of the airdrome. 

48. Location. — Type of airdrome, functional requirements, and 
general location are decided by the air force commander according to 
his tactical needs. Once the decision to build a new airdrome has been 
made, the engineer is called upon to recommend a specific site lay-out 
and construction procedure. 

49. Information furnished engineers. — Higher authority 
should furnish engineers with complete information concerning exist- 
ing routes of communication including docking facilities, roads, rail- 
heads, and beachheads, and with a hydrographic map. Higher 
authority should also specify — 

a. General area in which field airdrome is required. 

b. Date required. 

c. Type required (observation, fighter, bombardment, or for all types 
of aircraft). 
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d. Use (temporary, seasonal, or permanent). 

e. Number of personnel, vehicles, and airplanes to be stationed at 
airdrome. 

/. Facilities to be provided. 

g. Night flying, instrument landing, or other special requirements. 

h. Additional special or heavy equipment and additional troops that 
may be assigned to the engineer unit for the project. 

50. Site reconnaissance. — By joint map study imd aerial recon- 
naissance the engineer officer and an experienced pilot officer eliminate 
all definitely unsuitable sites in the area. The two or three most prom- 
ising sites are investigated by detailed aerial and ground recon- 
naissance. 

a. Aerial . — Aerial reconnaissance is made jointly by the pilot and 
engineer. The pilot studies general flying possibilities, obstructions 
to flying, and other operational factors. The engineer studies drain- 
age, construction, camouflage, and routes of communication. Aerial 
photographs of each site should be made if possible. The pilot and 
engineer agree on tentative sites, subject to confirmation by ground 
reconnaissance. 

b. Ground. — The engineer visits and carefully investigates each 
promising site. Physical examination of a site is the only way to 
obtain first-hand information on existing features and probable con- 
struction requirements. Thorough reconnaissance in the early stages 
may reveal conditions which, if not found out until later, would result 
in great waste of time and effort. If correct and complete information 
is not obtained, future plans may be seriously in error. A complete 
reconnaissance report form is given in appendix I. An outline of 
subjects to be covered is given below. This outline may be used for 
hasty ground reconnaissance. 

c. Subject outline for ground reconnaissance report. — (1) Designa- 
tion of airdrome site. 

(2) Number and type of aircraft to be accommodated. 

(3) Other special requirements in information furnished. 

(4) Location and description of site. 

(5) Prevailing wind directions, and other meteorological data on 
rainfall, temperature, frost, snow, climate, and fog. 

(6) Hydrologic data such as water supply, and flood or tide data 
where pertinent. 

(7) Soil investigation, including general classification of soils on 
site, and samples for verification and tests. 

(8) Drainage conditions, showing whether surface drainage will 
be adequate or subdrainage required. 
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(9) Grading required. 

(10) Pavement required and availability of materials for base and 
surface courses. 

(11) Camouflage considerations. 

(12) Land acquisition, if pertinent. 

(13) Transportation facilities — roads, railroads, waterways — 
existing and needed. 

(14) Utilities available or required — water supply, electric power, 
telephone and telegraph, sewage disposal. 

(15) Construction materials and equipment available at site or 
required. 

(16) Summary. 

(IT) Preliminary estimate of construction labor, materials, and 
time. 

(18) Recommendation. 

51. Factors affecting site selection (see ch. 6 for detailed de- 
sign criteria). — So many interrelated factors influence the choice of 
site, that site selection is generally a compromise among them. The 
engineer must visualize the maximum means of the troops at his dis- 
posal, then choose a site within the designated area where the least 
effort will accomplish a passable job. Initial installation can be 
improved by stage construction. Future expansion, though some- 
times important, must be subordinated to the mission of obtaining 
acceptable minimum requirements rapidly. The following factors 
must be considered and balanced : 

a. Area. — The site must afford sufficient level land for the required 
number and size of runways and taxiways, and dispersed locations 
for parking areas and ground installations. Advanced landing fields 
normally have one runway. Field airdromes have a maximum of 
three runways; normally two must suffice. Aircraft on the ground 
are in dispersed locations except when undergoing major repairs. 
Required length of runways depends upon type of aircraft to be 
accommodated, elevation of the site above sea level, and meteorological 
conditions. (See table II for details.) 

b. Time and speed of construction . — The site selected must be one 
which can be developed to a usable stage in the time afforded* by the 
tactical situation. Speed of construction is the paramount engineer- 
ing consideration. Time in war is never sufficient for refinements. 
Required construction time depends upon the number and size of 
runways, taxiways, parking areas, communications, and ground in- 
stallations as well as on the urgency (priority) of their need. Con- 
vertible or usable existing facilities will materially reduce required 
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construction. Other factors affecting construction time are given 
below. 

(1) Amount of clearing and grabbing required . — Clearing and 
grubbing generally are slow operations, but other construction opera- 
tions can often be carried on simultaneously or be started in the 
cleared areas. 

(2) Topography and its influence on drainage and amount of 
earth work involved . — Topography materially influences time involved 
in draining and grading. Both of these operations are slow. A 
favorable site has sufficient slope for natural surface drainage to the 
sides of runways, and at the same time has a reasonably smooth, 
level ground profile along runway centerlines. If the water table 
is not high, such a site provides minimum drainage problems and 
minimum earthwork. Favorable topography, soil, and ground water 
conditions will eliminate necessity for subdrainage. At less favor- 
able sites there is a problem of balance and compromise between 
drainage and earthwork. For example, it may take less time to 
grade a rough dry site than to drain a level wet site. Possibility 
of high water table or inundation during floods must not be over- 
looked. Tide fluctuations may be important in coastal locations. 

(3) Soil characteristics and quality of subgrade . — Soil character- 
istics at the site materially influence time and extent of construction. 
Practical soil technology must be applied in evaluating sites. De- 
sirable soils are nonplastic types which contain a fair proportion of 
granular material such as gravel, sand, and decomposed granite. 
They do not soften materially when wet and they produce good sub- 
grades. Nonplastic granular soils generally are porous and easy 
to drain; they are often self-draining. Undesirable types, such as 
clay, adobe, gumbo, and silt become soft and plastic when wet. In 
general, most fine textured or heavy soils though good in agriculture 
provide poor construction materials for runway or road subgrades. 
They are difficult to drain and have high moisture holding capacity. 
For all-weather use of runways, plastic soils require heavier base 
courses and an impervious surface, whereas nonplastic soils gen- 
erally will carry the same loads with thinner bases and simpler sur- 
face construction. Thus less construction work and less time is 
required at sites having desirable soils. (Table XXXII shows the 
relative value of various subgrade soils.) 

(4) Local material available for improving subgrade load capac- 
ity , for base courses , and for surfacing . — Local material often in 
large quantit} r is necessary in nearly all cases to improve load carry- 
ing capacity of the subgrade and for base and surface courses. A 
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favorable site is one which affords the needed material in sufficient 
quantity close by. 

(5) Water supply for construction. — Runway construction gen- 
erally requires large quantities of water in subgrade and base prepa- 
ration. If sufficient water is readily available, time to develop a 
supply will be saved. In addition, if sufficient water is available for 
construction, it is usually adequate initially for air force operations at 
the airdrome. 

(6) Delays. — Probability of delay due to interruptions by enemy 
action must be determined by an estimate of the situation. Night 
work is slower than work in daylight. 

(7) Prevailing weather during construction. — Weather must be 
considered, especially as regards rain and mud. Weather during con- 
struction is not always the same as at the time of reconnaissance. 

c. Camouflage and dispersion (see ch. 14). — Camouflage is a basic 
factor in site selection. Camouflage requires dispersion of facilities, 
dispersion of airplanes on the field, and full use of concealment in- 
herent in the location by making the most of natural cover. The ideal 
terrain for airdrome camouflage is one containing a variety of texture 
and coloring. The most effective concealment can be accomplished in 
an area of woods, brush, grasslands, and fields of varied crops. One 
more change in texture is not evident and a skillfully executed camou- 
flage plan for the landing strips can resemble or retain the broken 
pattern. Siting should avoid any natural topographic feature that 
sharply delineates the extent of an airdrome. (See fig. 43.) A well- 
defined irregularity in a coast line, a pronounced bend in a river, closely 
bordering lakes, the only large clearing in a heavily wooded area, or 
the only open, level area in a hilly countryside — these are examples 
of visible features aiding in the accurate bombing of an airdrome. 
New construction should be held to a minimum. 

d. Meteorological conditions. — (1) Meteorological conditions affect 
both construction and operational use of airdromes. Site selection 
must consider both. Wind conditions determine location and directions 
of runways. The principal runway must be in the general direction of 
the prevailing wind. With light winds under 5 miles per hour, cross 
winds are not serious ; but as velocity increases, they become progres- 
sively m,ore detrimental to aircraft operation. An airdrome seldom 
permits all-direction landing and take-off. Normally a compromise 
must be reached by selecting runway directions that face into the most 
frequent winds of considerable intensity. Sites should be avoided 
which are adjacent to hills where troublesome down currents and wind 
turbulence exist. Reduced visibility from smoke which might be car- 
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BAD SITES: 4* I a 2 

• ENEMY COULD EASILY 
FINO SITES ** I a2 BY NOTING 
RELATION TO LANDMARKS. 
(ARROWHEADS INDICATE 
USE OF LANDMARKS BY 
APPROACHING ENEMY.) 




GOOD SITE: #3 

• SITE WITH NO NATURAL v 
POINTERS. IRREGULAR SHAPE 
WITH BOUNDARIES ON OLD \ 

FIELD LINES, PROPERTY LINES> 

ROADS. \ 

• RAILROAD SPUR LOCATED N 
IN OLD ROAD SCAR AND CONTINUING 
PAST THE FIELD. 

• OLD ROADS IN SITE PRESERVED 



Figure 43. — Site selection. 
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ried to a site from towns or factories, and river or valley fogs, espe- 
cially at night, must not be overlooked. Snow conditions affecting 
aircraft operations and airdrome maintenance must be considered. 
High temperatures, as in desert areas, or prevailing knv atmospheric 
pressure may necessitate extra runway length for take-off. (See 
table II.) 

(2) Where meteorological data of sufficient duration are available, 
a wind rose (figs. 181 and 182) may be developed to determine wind 
directions. In the absence of wind data, the air force meteorologist 
may be able to furnish information or may arrange to obtain data for 
a short period. Regional prevailing wind direction may be known, 
but terrain surrounding the site may modify it locally and this must 
be checked. If wind data are available for a military or civilian sta- 
tion within a few miles of the airdrome site, a check must be made to 
establish their applicability to the site by simultaneous wind readings 
at the station and the airdrome. These simultaneous readings may 
be taken by the weather section of the squadron. 

e. Obstructions . — An obstruction-free flight zone including the en- 
tire circumferential area of the field is preferred, but lacking this the 
approach zone to ends of runways must be free from natural or man- 
made obstructions which constitute hazards in the angle of glide. Such 
obstructions are mountains, stacks, water tanks, radio towers, build- 
ings, an overhead wires. Trees in the approach zone may be topped or 
removed as necessary. For camouflage purposes topping is better than 
grubbing, but topping is a difficult operation in heavily wooded areas. 
The engineer should fly often to gain air sense and the pilot’s view- 
point. There is a natural strong objection to landing over obstacles 
at night, even though they are below the angle of glide and well 
marked. An airdrome on a plateau with steep sides falling from the 
ends may have perfect approaches, but pilots w r ill always land a long 
way in from the end. A canal, ditch, or bank at the end of a runway 
has the same effect. 

f. Accessibility and communications . — Accessibility of the site to 
existing routes of communication affects construction time and opera- 
tional use. Large tonnages of imported construction materials often 
are required, and during operational use large quantities of gasoline 
and ordnance supplies are needed. The site should place a minimum 
burden upon supply channels in the theater of operations. However, 
roads and railroads should not point to or identify the site by their 
location and lay-out. They should pass the site in a natural manner 
and not terminate at that point. 
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g. Defense and 'protective construction . — Terrain advantages for 
defense must be weighed and balanced against other factors. Favor- 
able terrain for active defense provides observation, fields of fire, con- 
cealment, obstacles, and routes of communication. Natural obstruc- 
tions to landing in areas adjacent to the airdrome assist passive de- 
fense. Protective construction is made simpler if natural cover exists 
which can be converted to shelters with little effort. 

52. Land acquisition. — In friendly country, the legal formalities 
incidental to taking land are followed. 

53. Preliminary site lay-out ^see ch. 6 for detailed lay-out and 
design criteria). — a. Requirement . — The preliminary site lay-out in- 
cludes — 

(1) Runway pattern. 

(2) Taxiway pattern. 

(3) General location of parking areas. 

(4) Plans for defensive construction (chs. 12 and 13). 

(5) Camouflage plan (eh. 14). 

(6) General location of ground installations. 

(7) Communication plan. 

b. Lay-out examples . — Figures 44 to 51, inclusive, illustrate good 
lay-out practice. (See also figs. 145 and 146.) 

54. Site selection report. — A report accompanied by drawings, 
overlays, and aerial photographs is submitted by the engineer officer 
to the air force commander through the air force engineer, recom- 
mending — 

a. The most favorable site, with reasons for discarding other pos- 
sible sites. 

b t Preliminary site lay-out. 

c. Construction procedure including possible stage development. 

d. Preliminary estimate of time, equipment, personnel, and mate- 
rials required. 



65 

* O 



Original from 
UNIVERSITY OF CALIFORNIA 



TM 5-255 

54 



CORPS OF ENGINEERS 




BUILOINGS 



• LAYOUT GOVERNED BY OPERATIONAL 
REQUIREMENTS, CONVENIENCE , AND 
ECONOMY. 

• GRADED RECTANGULAR FLYING FIELD. 

• AIRCRAFT CONCENTRATED ON 
PARKING APRON. 



, • BUILDINGS CONCENTRATED IN ONE 

NON-DISPERSED LAYOUT- WRONG area aojacent to parking apron. 



DISPERSED 



• LAYOUT GOVERNED BY DISPERSION 
AND NATURAL COVER AS WELL AS 
OPERATIONAL REQUIREMENTS . 

• AIRCRAFT DISPERSED IN SMALL 
CONCEALED GROUPS REMOTE 
FROM THE FLYING FIELD. 

• SEPARATE DISPERSED BUILDING 
AREA FOR EACH TACTICAL UNIT 
LOCATED UNDER COVER AND 
CONVENIENT TO AIRCRAFT, 



DISPERSED 

BUILDINGS 




mK 



DISPERSED 

BUILDINGS 



DISPERSED LAYOUT-RIGHT 

Figure 44. — Site lay-outs. 
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DISPERSED LAYOUTS -RIGHT 

• TAXIWAYS FOLLOWING EXISTING • ROADS AND TAXIWAYS FOLLOWING 

ROADS AND EDGES OF CLEARINGS EXISTING ROADS AND SECTION LINES 

IN NON - SECTIONALIZED AREA. IN SECTIONALIZED AREA. 

Figure 45. — Suggested airdrome patterns. 
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• RUNWAYS LAID OUT TO CONFORM 
TO WIND ROSE. 

• RUNWAYS INTERSECT AT THEIR 
ENDS FORMING SIMPLE 
6E0METRIC PATTERN. 



• RUNWAY PATTERN PROVIDES 
GOOD CIRCULATION WITH A 
MINIMUM OF TAXI WAYS. 

NON- DISPERSED LAYOUT-WRONG 




• RUNWAYS LAID OUT TO CONFORM 
TO WIND ROSE AND TO GROUND 
PATTERN ALSO. 

• IRREGULAR PATTERNS ILLUSTRATE 
EMPHASIS ON CONCEALMENT. CIRCU- 
LATION IS SECONDARY CONSIDERATION. 

• RUNWAY INTERSECTIONS AVOIDED 
BECAUSE THEY ARE DIFFICULT TO 
CONCEAL AND AFFORD REMUNERATIVE 
TARGETS. 




DISPERSED LAYOUT-RIGHT 

Figure 46. — Runways. 
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NON-DISPERSED LAYOUT 



• A MINIMUM OF TAXIWAYS 

REQUIRED TO HANDLE AIRCRAFT 
TRAFFIC ON THIS TYPE OF FIELD 




DISPERSED LAYOUT 

Figure 48. — Taxiways. 
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TO FLYING FIELD 





• ALL AIRCRAFT ASSIGNED TO STATION 
PARKED IN ONE AREA CLOSE TO 
FACILITIES FOR REPAIR AND 
MAINTENANCE . 



NON- DISPERSED LAYOUT* WRONG * JJ; L T ™ ^Le^apron™"’ PARKE ° 



• HARD STANDINGS FOR FI6HTER AIRCRAFT 
LOCATED NEAR DOWN-WIND END OF 
PRINCIPAL RUNWAY TO PERMIT QUICK 
TAKE-OFF. 

• HARD STANDINGS FOR BOMBARDME NT aircraft DISPERSED LAYOUT” RIGHT 
LOCATED AT GREATER DISTANCE FROM FLYING 

FIELD TO PROVIDE MAXIMUM PROTECTION . 



• HARD STANDINGS CONNECTED TO FLYING 
FIELD BY TAXIWAYS. 



• SUFFICIENT GROUPS OF HARD STANDINGS 
PROVIDEO IN ONE AREA TO ACCOMODATE 
AIRCRAFT OF ONE SQUADRON. 



• AIRCRAFT PARKED ON DISPERSED HARD 
STANDINGS. 



• HARD STANDINGS ARRANGED IN GROUPS 
OF THREE CONFORMING TO TERRAIN . 



TO FLYING Fll 




Figure 50. — Aircraft parking. 
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PARKING APRON 














( 


So 

Bo ■ ■ 

C3 C=t 


Bo\ 


HOUS 


ING FOR 


V 


enlu 


STED ME-N 


□ 








F\! 


II 

f HOUSING FOR 




i) 


l OFFICERS 



NON- DISPERSED LAYOUT 

BUILDINGS FOR ONE SQUADRO® 
INDICATED THUS: ■— 



HOUSING FOR ALL SQUADRONS 
IN ONE CANTONMENT AREA. 
AREA DIVIDED INTO BLOCKS 
ACCOMMODATING TWO OR MORE 
SQUADRONS EACH. 

BUILDINGS CLOSELY SPACED IN 
ROWS. 

THIS TYPE OF PLAN REQUIRES 
A MINIMUM OF ROADS AND 
UTILITIES. 

OFFICERS OF ALL SQUADRONS 
HOUSED IN ONE OFFICERS' AREA. 



• EACH SQUADRON HOUSED IN SEPARATE 
AREA ADJACENT TO ITS AIRCRAFT. 

• SQUADRON OFFICERS QUARTERED 
NEAR SQUADRON ENLISTED MEN. 

• BUILDINGS SPACED FARTHER APART TO 
OFFER A LESS REMUNERATIVE TARGET. 

• PLAN SHOULD BE DESIGNED TO FIT INTO 
LOCAL TERRAIN PATTERN .THREE 
TYPICAL CONDITIONS ILLUSTRATED: 




UTILIZING EXISTING PATTERN 
OF COUNTRY ROADS 



DISPERSED LAYOUTS 




CONTINUING- PATTERN 
OF AN ADJACENT CITY 



CONFORMING TO ROUGH 
WOODED TERRAIN 



ADMINISTRATION 

B BARRACKS 

OR — DAYROOM 
OMOR- OFFICERS MESS 
A DAYROOM 
0 — OFFICERS QTRS. 

S SUPPLY 

L LAVATORY 



THEATER OF OPERATIONS 
TYPE BUILDINGS SHOWN 
ON ALL DIAGRAMS. 



Figure 51. — Squadron housing. 
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Chapter 6 

PRECONSTRUCTION PLANNING, LAY-OUT, AND DESIGN 



Paragraph 



Scope ^ 55 

Approval of site and land acquisition i 56 

Importance of planning 57 

Planning for stage construction 58 

Surveys 59 

Lay-out criteria 60 

Drainage 61 

Lay-out and design of drains 62 

Runway pavement design 63 

Pavement design for taxiways, hard standings, and roads 64 

Lay-out and design of ground installations 65 

Utilities plan 66 

Construction plan and schedule . 67 

Summary 68 



55. Scope. — This chapter explains the development of approved 
preliminary airdrome plans (par. 53) into actual construction plans 
necessary for executing field work. It covers detailed planning, lay- 
out, and design, using information derived from reconnaissance and 
surveys of the selected site. Needed surveys are explained. Detailed 
lay-out criteria and design procedures are given for runways, taxi- 
ways, hard standings, drainage, and utilities. Steps are outlined for 
summarizing lay-out and design in the form of construction plans 
including time, materials, labor, and equipment. 

56. Approval of site and land acquisition. — Detailed planning, 
lay-out, and design of the airdrome immediately follow approval by 
the air force commander of the site selected (par. 54) by the engineer. 
The air force engineer acts to acquire the land if such action is 
necessary. 

57. Importance of planning. — Planning is important for early 
and proper decision concerning the major features of a project. Con- 
struction can then be pushed without waste or duplication of effort. 
Details can be worked out as construction proceeds. Extent of plan- 
ning is governed by time available, mission to be served, and nature 
of the site. Overdesign is wasteful and underdesign may be disastrous. 
Both are to be avoided. Planning may be much simpler in some situa- 
tions than in others. Favorable sites require less detail than difficult 
ones. Plans and construction are more hastily executed for advanced 
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landing fields than for field airdromes. Observation aircraft require 
less construction than fighters and bombers. Temporary or seasonal 
use of airdromes requires less detailed planning than all-season, all- 
weather use. Steel runway surfaces may greatly simplify the problem 
in difficult situations. (See ch. 9 and fig. T9.) Because field airdromes 
are large construction projects they require careful planning. One 
runway 150 feet wide and 5,000 feet long for bombers is equal in area 
to 14 miles of single lane truck road. A bomber runway must be 
strong enough to carry a 87,000 to 60,000 pound wheel load, whereas 
the design wheel load on truck roads is about 10,000 pounds. 

58. Planning for stage construction. — Consideration in plan- 
ning should be given to the principle of stage construction. Military 
necessity may require that a field airdrome be put in use ahead of 
schedule. Plans should provide for construction of minimum essen- 
tials in shortest time to meet such emergency. Other construction 
after the basic stage should likewise be planned by stages,, making full 
use of all initial work. For example, a smooth compacted and drained 
subgrade may serve aircraft temporarily. Meanwhile base and sur- 
facing material may be prepared and stockpiled, or construction may 
proceed on other parts of the airdrome if properly coordinated with 
air operations. Similarly, a field airdrome may be required for use 
when the base is completed but before the surface is constructed. In 
other cases an airdrome originally designed for use of light or medium 
weight airplanes may have to be improved to carry heavier airplanes, 
or a steel runway used initially may be replaced with some other type 
of surface. 

59. Surveys. — Proper planning generally requires survey infor- 
mation in addition to information obtained In reconnaisance. Aerial, 
topographic, and soil surveys are desirable. Extent of surveys is 
governed by the local situation. They should be made as rapidly 
as possible to get essential information needed for basic plans. Sur- 
veys can be extended later if desired. 

a. Aerial survey . — Aerial photographs are necessary to show the 
general character of the site, and to preserve a permanent record of 
original conditions. These conditions, especially crop cover, are 
necessary for preparing the camouflage plan of the completed air- 
drome. Aerial photographs supplement but cannot replace personal 
observation from the air. Aerial photographs may also be used to 
interpret soil conditions and to simplify the topographic survey. (See 
FM 21-25, 21-26, and TM 5-230 for complete information on aerial 
survey^.) General requirements for the aerial survey are as follows : 
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(1) An aerial mosaic or aerial stereoscopic pairs covering all of the 
region within about 1 y 2 miles of site. 

(2) Oblique photographs from four points of the compass and 
from an altitude of 3,000 feet at a horizontal distance of about 
a mile. 

(3) Vertical stereoscopic pairs from 5,000 to 10,000 feet. 

(4) Colored photographs are also desirable (see ch. 14). 

b. Topographic survey. — (1) An accurate survey or map is desir- 
able for airdrome lay-out. Recommended scale of the topographic 
map is 1:4800 (1 inch =400 feet) with a contour interval of 2 to 20 
feet depending upon terrain. Contour intervals as close as practica- 
ble are desirable over parts of the site where construction is planned, 
i See TM 5-235.) 

(2) When the situation does not afford time for a topographic 
survey, a preliminary location may be made using aerial photographs. 
Field survey work may be reduced to orientation of photographs, 
establishment of ground control, and determination of ground pro- 
files by hasty methods. Ground profiles are made along runway 
centerline and on parallel lines about 150 feet each side of centerline. 
Sufficient profiles to establish control points are made transverse to 
runway centerline, extending out to include locations of taxiways. 
parking areas, drainage system, utilities, and other important con 
struction. Similar profiles are taken along road centerlines. (Se*- 
FM 21-25, 21-26, TM 5-230, and 5-235 for complete information oi 
surveying and topographic drafting.) 

c. Soil survey. — (1) Soil profiles along the edges of each runway 
are needed to show types of soil and position of ground water table. 
This information is obtained by a soil survey and by soil classifica- 
tion in the field. Field classifications may be verified by laboratory 
analysis of representative samples selected in the soil survey. The 
soil survey requires auger holes and test pits. Detailed instructions 
are given in- appendix III. 

(2) The soil survey also includes explorations to locate sources of 
select natural materials to be used for constructing base and surface 
courses. Explorations must disclose the quantity of select material 
available in each deposit and amount of work, such as stripping, 
involved in excavating and loading it. Representative samples of 
each deposit are needed for examination with the battalion field 
laboratory set. 

(3) Soil conditions can often be established by “implications” 
that appear in aerial photos. (See app. Ill, sec. III.) 
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60. Lay-out criteria. — a. General . — Criteria represent desired 
and minimum requirements. If deviations from minimum values are 
necessary, they must be approved by the air force commander. Like- 
wise, major differences between approved preliminary lay-out and 
final lay-out necessitated by military requirements or by engineering 
factors developed in detailed surveys must be approved by the air 
force commander. The basic principles for applying criteria are: 

(1) Keep mission always in mind so that basic minimum require- 
ments can be provided in least time possible with available means. 

(2) Utilize terrain to best advantage for camouflage and defense. 

(3) Disperse facilities with required clearances. 

(4) Make maximum use of existing facilities. 

(5) Without sacrificing dispersion and concealment, house officers 
and men from one squadron near their airplanes. This is especially 

mportant for fighter crews. 

b. Direction and arrangement of runways . — Centerline of the first 
runway must be laid approximately in the direction of the prevailing 
wind as determined in the reconnaissance. Its exact direction may be 
varied slightly to avoid fixed major obstructions in approach zones, 
and to keep construction operations to a minimum. If there are two 
or more runways, their directions are determined so that the air- 
drome as a whole will allow take-offs and landings within 22y 2 ° of 
directions of most frequent winds. Criteria for general arrangement 
and lay-out of runways are given in paragraph 53. 

c. Runway clearances. — (1) Ground . — Minimum ground clearances 
for runways are shown in figures 52 and 53. Centerlines of parallel 
runways will not be less than 500 feet apart. 

(2) Approach zone . — The approach zone to a runway is a trape- 
zoidal area beginning at the end of the runway cleared zone extending 
2 miles in the direction of the prolonged runway centerline. The 
width at extreme distance is 2,500 feet plus the width of cleared zone. 
Within this trapezoidal runway approach zone, no obstacles, either 
natural or artificial, are permitted which are high enough to obstruct 
a 40 to 1 glide angle projected from end of cleared zone. (See fig. 
52.) However, military necessity may require selection of an air- 
drome site that does not provide an unobstructed 40 to 1 approach 
path, but in no case shall the unobstructed approach path be steeper 
than 20 to 1. 

d. Runway dimensions . — Length and width requirements for run- 
ways for various types of aircraft are shown in table II and illustrated 
in figures 52 and 53. Required sea level runway length is increased 10 
percent for each 1,000 feet of elevation of the site. An additional 
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increase in length of 10 percent is desirable in regions where either 
high temperature or low atmospheric pressure, or both, prevails. Un- 
less impractical, provision should be made for longitudinal extension 
of the runway to the limit of the cleared zone, especially on fields to 
be used by fighters and bombers. Such runway extensions need 
only a light surface treatment, but subgrade and base construction 
must be strong enough to support aircraft. 

e. Rimway grades or slopes. — (1) Longitudinal slope criteria for a 
rolling grade are shown in figure 52. A straight grade, not steeper 
than 1 percent, is preferred, although 1 y 2 percent is permitted. 
Straight longitudinal grades will seldom be possible, however, without 
excessive earthwork ; therefore variation in grades is permitted, pro- 
vided — 

(a) Tangents are at least 1,000 feet long and not steeper than 11/2 
percent. 

( b ) Vertical curves connecting tangents are at least 500 feet long, 
and change of slope is less than 0.5 percent per 100 feet of curve. 

(c) There is unobstructed view from any point 10 feet above the 
surface of the runway to any other point 10 feet above the surface. 

(2) Transverse grade and slope criteria are given in figure 54. 
Slope of shoulder is same as that of runway. Enough slope must be 
provided to handle surface drainage (par. 61), but too much slope 
introduces a ground loop hazard to aircraft operation. Maximum 
permissible transverse slope is 2 percent although V/ 2 percent max- 
imum is preferred for aircraft operations. 



Table II . — Runway dimensions (see figs . 58 , 58, 54) 



Type of aircraft 


Clearance 


Runway widths 
(R) 


Runway lengths 
(at sea level) 
(RL) 


Length 

of 

cleared 
zone at 
each end 
of run- 

3? 


Width of cleared 
zone (distance 
between shoulder 
lines) 

(M) 


Width 
of safet v 
clearance 
zone 
(N) 


Mini- 

mum 


Preferred 


Mini- 

mum 


Mini- 

mum 


Preferred 


Mini- 

mum 


Preferred 


Desired 


Light (cub-type) 


200 




500 


100 


150 


*1, 800 


*2, 500 




Observation ,. 


300 




500 


150 


150 


*2, 500 


*3, 500 


500 


Fighter 


300 


500 


1, 500 


150 


200 


*4,000 


*4, 500 


500 


Bomber 


300 


500 


1,500 


150 


200 


5,000 


6,000 


1,000 



♦Length increased 10 percent of sea level length for each 1,000 feet of elevation of site above sea level. In 
regions of prevailing high temperature or prevailing low atmospheric pressure an additional 10 percent 
increase in runway length is desirable. 
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(3) The longitudinal grade line for the runway is planned by a 
cut-and-try process until reasonable compliance with all slope criteria 
is obtained. A graphical solution using overlays and profile paper 
is convenient. (See also TM 5-230.) The grade line is fixed at an 
elevation that will provide surface drainage with least earthwork. 
Grade line should be at least 4 feet above ground-water table. In 
general, earthwork should be balanced cut and fill, but if balancing 
requires excessive haul it may be better to waste excavation in one 
area and borrow fill material from adjacent sources. The soil 
profile may disclose existence of good soil in excavation which may 
be utilized by cross hauling to improve subgrade in fills. In some 
cases it may even be desirable to waste unsatisfactory soil and replace 
it with select borrow. 

/. Taxiway s . — Taxi ways are laid out to provide rapid traffic cir- 
culation among dispersed runways and dispersed parking areas. 
Taxiways avoid conventional patterns and follow the trace of exist- 
ing roads when possible. General criteria are illustrated in figures 
47 and 48. Detailed criteria are illustrated in figure 55. Minimum 
distance between centerlines of parallel taxiways and runways is 500 
feet. Minimum widths of taxiways are shown in table III. Mini- 
mum shoulder width is 10 feet. Cleared zone on each side of taxi- 
way extends out a distance, measured from edge of surfaced or 
stabilized section, equal to one-half the wing span of the largest 
aircraft of the type using the airdrome. Longitudinal and trans- 
verse grades up to 2 percent are permissible. 



Table III . — Widths and clearances for taxiways 



Type of aircraft 


Minimum widths 


Clearance lines 


Surfaced or stabi- 
lized section, 
width in feet 


Width between 
shoulder lines 
in feet 


Observation 


30 


50 


Cleared zone on each side of 
taxiway extends out a distance, 
measured from edge of surfaced 
or stabilized section, equal to 
one-half the wing span of the 
largest aircraft of the type using 
the airdrome. 


Fighter 


30 


50- - 


Bomber 


2 X wheel 
span. 


2 X wheel 
span + 
20. 
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FOR BACKING PLANE INTO COVER. 




IN APPROACH ZONE. 

4S0 ft.BETWEEN AOJACENT 

STANDINGS, MEASURED 
BETWEEN CLEARANCE LINES. 
600 ft. BETWEEN STANDINGS FOR 
ADJACENT GROUPS OF 

three planes .measured 

BETWEEN CLEARANCE LINES. 
Figure 56. — Details for hard standings. 
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Figure 58 .— Field airdrome. 
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A- 2 



TAKE ADVANTAGE OF SMALL HILLS 
COVE RED WITH GRASS , SHRUBS , ETC. 
CUT OUT AND REMOVE SOIL FROM 
LOWER END 6'lN HEIGHT, AS AT X . Y_CUT 
AflD STACK SODS, BUSHES, ETC. AND 
REMO VE SOIL FROM 5-l5‘ BACK FROM X 

B BUILD UP ROOF OF Y AND COVER 
WITH EARTH .REPLACING SHUBBERY 
AS INDICATED IN A-3. 



B-2 



I COMP LETED 1 
B-3 



TWO OR MORE TREES BORDERING SPACE 
NEEDED ARE TIED TOGETHER NEAR 
CROWNS WITH WIRE AT TWO PLACES. 
TREES BETWEEN ARE CUT OFF AT 
BOTTOM AND ABOVE SPACE REQUIRED. 
CROWNS ARE LEFT HANGING IN PLACE 
KEEPING UP APPEARANCE OF DENSE 
GROW TH. 

0 SPACE NOW AVAILABLE FOR DUMP BUILD- 
ING .PARKING MOTORIZED EQUIPMENT, 
ETC. WITH LITTLE POSSIBILITY OF 
OBSERVATION . 



PLAN OF SECTION OF UNDERGROWTH 
UNDER WHICH GASOLINE DRUMS AND 
CASES OF OIL ARE ROLLED AND 
STACKED 



© SECTION SHOWING STACKING OF CANS 
AND DRUMS. STACKS ARE SCATTERED 
CONVENIENTLY AROUND AIRDROME. 
shrTj&'bery OR . 




Figure 59. — Methods of utilizing existing terrain and cover. 



Digitized by 



Google 



87 



Original from 
UNIVERSITY OF CALIFORNIA 






TM 5-255 

60-62 



CORPS OF ENGINEERS 



g. Parking areas. — Criteria for location of dispersed parking of 
aircraft are shown in figures 44, 49, and 50. Lay-out details for hard, 
standings are shown in figure 56. Aprons are planned as needed. No 
buildings are permitted within 75 feet of the edge of an apron. 

h. Examples. — Typical field airdrome lay-outs for the theater of 
operations are shown in figures 57, 58, and 59. (See also TM 5-280.) 

61. Drainage. — a. Purpose. — Good drainage is a vital require- 
ment for all airdromes. Accumulations of surface water on runways 
are hazardous to aircraft operation. Wetting of runway subgrade 
either from downward seepage of surface water or from upward or 
horizontal seepage (by capillary action) of ground water reduces 
load carrying capacity and adds to danger of frost-heave damage. 
The drainage system must be, designed to — 

(1) Remove all surface water quickly from operating areas, such 
as runways, taxiways, parking areas. 

(2) Intercept and divert surface and ground water flow originating 
on land adjacent to airdrome operating areas. 

(3) Remove or intercept detrimental ground water. 

6. Removing surface water. — Surface water from rain or melting 
snow on runways is removed by providing adequate transverse slope 
(crown) to shoulder drainage lines. Minimum permissible trans- 
verse slope for drainage is 1 percent, and maximum is 2 percent. 
(See fig. 54.) At or beyond the shoulder drainage lines transverse 
drainage is collected into open side ditches (fig. 60) and discharged 
into the nearest natural drainage channel. Surface water originating 
on land sloping toward the runway must be intercepted and diverted. 
Open intercepting ditches above cut slopes are desirable to minimize 
erosion and consequent filling of side channels with debris. Place- 
ment of sod will assist in preventing gulleys and wash-outs, but such 
sodding must not violate the camouflage plan. Culverts must be 
provided under runways and taxiways at each natural drainage 
channel. 

c. Removing s(pring and seepage water. — All springs and ground 
seepages in the runway area must be drained. Sometimes subsurface 
seepage or flow toward the runway can be intercepted by the open side 
ditch or by a subdrain under the side ditch (fig. 61). Subdrains may 
be tile or stone (French or blind) as shown in figure 62. 

62. Lay-out and design of drains. — a. Basic data. — The basic 
data to be considered are — 

(1) Topographic map showing natural drainage channels and relief 
of the site and contiguous areas which may contribute surface run-off. 

(2) Rainfall data, particularly rainstorm intensity-duration data. 
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(3) Soil profile showing elevation of the ground water table and 
horizontal and vertical occurrence and extent of all soil types and their 
drainage characteristics (app. III). 




Figure 60. — Suggested shapes for runway side collection channels. 




Figure 81. — Treatment of underground seepage toward runway by intercepting drain under 

side channel. 



(4) Temperature and frost data, particularly maximum depth of 
frost penetration. 

(5) Other factors such as snow, sleet, and ice which may require 
special consideration in drainage plans and construction. 

b. General lay-out . — There is no standard lay-out for airdrome sur- 
face drainage. Each site presents an individual problem. Trial lay- 
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outs are made on contour map ur aerial mosaic overlays on which are 
first traced natural drainage pattern (ridges and valley lines) of the 
area, and runway and taxi way lay-out. For concealment, drains 
should have an irregular trace; covering may be necessary. After an 
acceptable drainage scheme has been evolved, it is checked for hydrau- 
lic adequacy by a series of trial computations covering an estimate of 
quantity of surface run-off to be carried by each part of the system, 
and an estimate of the hydraulic capacity of each part of the system. 

c. Side collecting channels . — (1) Initial construction of side chan- 
nels for collecting surface run-off from runway areas ordinarily 



consists of wide, shallow, open V-ditches (fig. 60) at or beyond 
shoulder lines. Surface water is thus carried transversely across 
shoulders to side channels. Subdrains (fig. 62) will not be placed 
initially along edges of runway pavement unless specially needed, 
as in northern areas tu remove surface water when shoulders or open 
side channels are blocked with snow. Later improvement of the 
airdrome for instrument landing or other reasons may require replac- 
ing open side channels with covered drains at shoulder lines and at 
edges of runway pavement. 

(2) The entile drainage system must have a continuous grade to 
the final outlet to prevent accumulations of standing water in ditches. 
Longitudinal slopes or gradient of ditches should be not less than 
0.5 percent. Steeper gradients in easily eroded soil may require 
rock rip-rap or other paving. 




TILE 



STONE 

ALSO CALLED FRENCH OR BUND 



Filuue 62. — Subdrains. 
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(3) Drainage water should be diverted or discharged from col- 
lecting channels into natural drains and away from the. site at every 
opportunity, to reduce seepage from ditches into the subgrade. 

(4) The soil profile may disclose existence of a subsurface strata 
of porous gravel through which surface drainage water may be dis- 
charged. In such cases, a porous backfilled trench is constructed 
under the side channel to admit surface drainage to the subsurface 
strata. 

d. Quantity of surface run-off. — (1) Surface run-off may be esti- 
mated by the formula — 






AiR 

f 



in which 



Q — volume of run-off from area A, in cubic feet per second. 
A = drainage area in acres. 
i — surface run-off factor from table IV. 

R = maximum rainfall in inches per hour for storms of 
1-hour duration. 

f = surface slope factor from table V. 



(2) Values of R are obtained from meteorological data for rain- 
falls of 1-hour duration. In the absence of data an assumption is 
made. As a guide and for comparison, values of R for average 
design conditions in the United States normally vary from 1 to 3 
inches. Extreme values of 3.5 to 4.5 inches are sometimes experienced 
in the Mississippi and Ohio River valleys and along the Gulf coast. 
Rainstorms of short duration such as 10 or 15 minutes will have 
higher hourly rates, but the water to be drained away will not be 
as great as for storms of 1-hour duration. 



Table IV . — Surface run-off factors 



Type of surface 


Values of i 


Impervious surfaces — pavements and roofs 


0. 70 to 0.95. 


Unpaved surfaces of compacted earth, sand, or gravel 


0.10 to 0.30. 


Sodded areas — lawns and meadows _ 


0.15 to 0.25. 


Wooded areas (depending on surface slope and soil cover) 


0.01 to 0.20. 


Table V. — Surface dope factor 


Slopes 


Values of / 



A. 



Average slopes of 0.5% or less 

Average slopes between 0.5% and 1.0% 
Average slopes steeper than 1.0% 



3.0. 
2.5. 

2 . 0 . 
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Figure 64. — Nomograph for solution of formula A = c\] D* 
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e. Capacity of channels , culverts, and pipes. — Discharge capacity of 
all drains must be equal to or greater than estimated run-off to be car- 
ried. The following formula may be used for estimating water carry- 
ing capacity of pipes and well maintained open channels. Figure 63 
is a chart for quick solution of this equation for pipes. 

£ = 100 Ar% S* 
in which 

0= quantity of water drain will carry in cubic feet per second 

S= hydraulic slope or gradient = fall in feet per foot of channel 
or pipe length 

r= mean hydraulic radius of pipe or channel in feet 
_ cross sectional area of section 
wetted perimeter 

A — cross sectional area of drain. 

A quick method of estimating required culvert capacity for passing 
drainage water in natural channels under roads, taxiways, and run- 
ways is given in figure 64. This chart is based on a rainfall intensity 
of about 4 inches per hour for 1 hour duration. For locations hav- 
ing higher rates for 1 hour duration, an adjustment may be made by 
dividing the area of culvert (obtained from fig. 64) by 4 and multi- 
plying by the 1 hour duration rate at the location considered. No 
adjustment is recommended for rainfall intensities less than 4 inches 
per hour. For important culverts this chart should be supplemented 
by field examination of the watershed and waterway for evidence of 
past floods and unusual stream characteristics. 

/. Subdrainage under runways. — (1) Subdrainage under runways 
seldom will be needed at field airdromes. Site selection generally will 
avoid low wet sites. However, necessity may require subdrains under 
part of the runVay system. Also, certain fine grained soils in regions 
subject to frost may necessitate subdrainage to prevent frost-heave 
damage to runways. When used for this purpose (see app. Ill) sub- 
drains must be placed below depth of frost penetration. Table VI 
gives depths and spacings of subdrains to serve as a rough guide. 
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Table VI. — Deaths and spa-rings of subdrains 



Soil group 
symbol 


Description 


Depth of flow- 
line of drain 
in feet 


Distance be- 
tween sub- 
drains ir feet 


sw 


Sand 


3-4 


150-300 






2-3 


100-150 


SF 


Sand with excess of fines 


3-4 


65- 75 






2-3 


55- 65 


ML. 


Inorganic silt 


3-4 


45- 55 






2-3 


40- 45 


OL 


Organic silt - - _ - 


3-4 


35- 40 






2-3 


30- 35 


OH 


Organic clay __ _ 


3-4 


30- 35 






2-3 


25- 30 



Table VII. — Required capacity of subdrain in cubic feet per second per acre 



For average soils 


0.013 to 0.016. 


For porous soils and regions of heavy rainfall _ 


0.032 to 0.042. 





(2) Arrangement of subdrains depends upon local conditions. 
Branch or lateral subdrains extending under the runway pavement 
are to be avoided if drainage can be effected by subdrains along edges 
of the runway pavement. When branch subdrains are required, they 
are laid in a parallel system, regularly spaced under the runway, each 
lateral at an angle between 60° and 90° with runway centerline. Each 
lateral discharges into subdrains about 5 feet deep and parallel to 
the runway either at edge of the pa vement or at shoulder line. Sub- 
drains under runways frequently result in uneven settlement and un- 
even bearing under the pavement unless extra care is taken to compact 
subdrain backfill before pavement construction. 

(3) Collected drainage is discharged into natural drainage channels 
as quickly as possible. When the airdrome site is on low land pro- 
tected by a dike or levee it wilJ be necessary to discharge into sumps 
and pump the water through or over the dike or levee. 

(4) Each subdrain consists of perforated or open bell-and-spigot 
joint pipe. The trench is backfilled with suitable porous or granular 
filter material, well compacted (sec. XIII, app. III). If surface 
water is not admitted to side subdrains the upper 6 or 8 inches of 
backfill is of impervious material. Porous backfill in branch sub- 
drains under a runway pavement is built up to join the base course. 
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NOT DRAWN TO SCALE. 



300' MINIMUM 



BETWEEN SHOULDER LINES 



150* MINIMUM 
RUNWAY 






L PAVEMENT 

total thickness above 

SUBGRADE* 

^ SURFACE 

SMOOTH , IMPERVIOUS , AND NON- 
SKID. 

- BASE 

BUILT OF SELECT MATERIAL IN ONE OR MORE 
LAYERS WITH 95% COMPACTION. 



l SUBGRADE 

TRANSVERSE SLOPE OF SUBGRADE SAME AS TRANS- 
VERSE SURFACE SLOPE . CONSTRUCTION BELOW 
SUBGRADE CONSTITUTES THE FOUNDATION . 
CONSTRUCTION ABOVE THE SUBGRADE CONSTITUTES 
THE PAVEMENT . 

^ STABILIZED SUBGRADE 

THICKNESS 9 INCHES OVER ENTIRE LENGTH OF RUNWAY BE- 
TWEEN SHOULDER LINES , 95% COMPACTION . 

^ FOUNDATION 

IN AREAS OF CUT IT IS THE UNDISTURBED NATIVE SOIL. IN AREAS OF 
FILL IT IS NATIVE SOIL BUILT UP IN LAYERS 9 INCHES THICK, EACH 
LAYER WITH 90% COMPACTION. DURING GRADING OPERATIONS BEST 
MATERIALS ARE PUT IN UPPER LAYERS OF FOUNDATION. 

- SHOULDERS 

BUILT OF COMPACTED SOIL OR SELECT MATERIAL. SURFACE OF SHOULDER 
SODDED OR SURFACE TREATED. TRANSVERSE SLOPE OF SHOULDER SAME 
AS TRANSVERSE SLOPE OF RUNWAY. 



NOTE: 

COMBINED THICKNESS OF BASE AND SURFACE ABOVE SUBGRADE FOR ANY AIRPLANE WHEEL 
LOAD DEPENDS UPON BEARING RATIO OF SUBGRADE . REQUIRED THICKNESS IS FOUND 
FROM FIG. 67. 

Figure 85. — Runway pavement nomenclature. 
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Likewise, for side subdrains designed to drain the foundation, the base 
course is extended out to join the porous backfill. 

(5) Required capacity of subdrains can be estimated from table 
VII. If surface flow is to be admitted to the subdrainage system it 
will be necessary to add all or a substantial part of such surface flow 
to the required subdrain capacity. Pipe sizes are selected to provide 
required total capacity. As few sizes of pipe as possible are used. 

(6) After preliminary design of the subdrain system, a check com- 
putation is made progressively through the system following the in- 
tended flow and collection sequence to be sure there is adequate capacity 
throughout. 

g. Depth of cover on drains and culverts to resist external loads . — 
Table VIII shows minimum depth of cover above top of drain and 
culvert pipes necessary to resist pressures transmitted downward from 
wheel loads. 

63. Runway pavement design. — a. Nomenclature. — Wheel load 
strength of a runway is developed from the bottom up by successive 
construction in horizontal layers. The strength and quality of each 
course must be higher than the one below it. Definitions and explana- 
tions of terms applied to these layers, illustrated in figure 65, are as 
follows : 

(1) Subgrade. — Strictly speaking, subgrade is the upper surface or 
plane of the foundation. It is the surface upon which pavement or 
base course is built. The term subgrade also is broadly used in refer- 
ring to the entire depth of foundation underlying the pavement or 
base course. 

(2) Stabilized sub grade. — This term refers to the upper 9 inches 
of the foundation, which is stabilized by extra compaction. In some 
cases select material is admixed with this layer before compaction to 
improve its load capacity. 

(3) Pavement. — This term is used broadly to define all construction 
above the subgrade. Pavements are generally divided into two classes : 
flexible or nonrigid type, such as gravel and bituminous construction, 
and rigid type, such as portland cement concrete slabs. Pavements 
may be composed of many combinations of base and surface courses, 
or merely of a surface course. 

(4) Base course. — This term refers to the course (or courses) be- 
tween subgrade and surface course (see ch. 8). 






497447 *— 42 - 



97 



Original from 
UNIVERSITY OF CALIFORNIA 



TM 5—255 

63 ‘ CORPS OF ENGINEERS 



Table VIII . — Minimum depth of cover above top of drain and culvert pipe to resist 

bomber wheel loads 



Size of pipe 


Minimum depth of cover 


Clay and con- 
crete pipe 


Corrugated metal 
pipe 


Up to 6-inch diameter - 


Feet 

2. 5 

3. 0 
4.5 


Feet 

1 . O 
1. 5 
3. 5 


Up to 12-inch diameter - - 


18-inch to 36-inch diameter 



(5) Surface course . — This term refers to the top course of pave- 
ment which provides the plane of contact with airplane wheels. It 
may be a steel surface (ch. 0). The more conventional surface 
courses vary from thin bituminous surfaces less than 1 inch thick 
(sometimes called surface treatments or seal coats) to thick bitu- 
minous courses or portland cement concrete courses (see ch. 10). 

(6) Soils . — The terms clay, silt, optimum moisture, compaction, 
field density, and others relating to classification of soils, construction 
procedures, and engineering characteristics are defined and explained 
in appendix III. 

(7) Bearing ratio . — Bearing ratio is a measure of the bearing 
value of a subgrade or base material. It is determined by measuring 
load in pounds required to force a plunger (diameter 1.954 inches, 
area 3 square inches) into a compacted sample of subgrade or base 
material to a depth of 0.1 inch. This test load is expressed as a 
percentage of the load (3,000 pounds) required to force the same 
plunger 0.1 inch into a high quality standard sample of crushed rock. 
Test details are given in appendix III. This procedure, developed 
originally by the California Division of Highways, has been adapted 
to runway design. Bearing tests usually are made on saturated sam- 
ples because this represents the worst moisture condition of service. 
If a runway is to be used temporarily or only during favorable 
weather, so that subgrade and base will not become saturated, the 
bearing ratio test is made on a sample at natural moisture content. 
Samples are tested in a state of compaction corresponding to compac- 
tion in the field. If the test load at 0.1 inch penetration is L t pound, 
the bearing ratio ( B r ) is — 

B ' = p56 xl00= P ( “ P®™*” 4 )- 
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AIRPLANE WHEEL LOAO 
AREA OF TIRE CONTACT 
SURFACE 

BASE 

SUBGRAOE 

STABILIZED TO ' 
95% COMPACTION 

Approximate lines of 

WHEEL LOAD DISTRIBUTION ^FOUNDATION EITHER 

THROUGH SURFACE, BASE. ' UNDISTURBED OR 

AND FOUNDATION. ««« 

^ COMPACTED TO 90% 

IN FILLS. 




tUBGftADC SUPPORT 



SURFACE 
BASE 

SUBGRAOE 
STABILIZED BY 

^COMPACTION TO 

95%. 



FOUNDATION EITHER 
UNDISTURBED OR 
COMPACTED TO 90% 
IN FILLS. 



A. SUBGRADE HAVING LOW BEARING RATIO B* SUBGRADE HAVING HIGH BEARING RATIO. 



EXPLANATION! UNIT PRESSURE 

ON SURFACE APPROXIMATELY 
EQUALS TIRE PRESSURE. UNIT 
PRESSURE ON SUBORAOe IS LESS 
THAN AT 8URPA0E BECAUSE LOAO 
IS SPREAO OVER GREATER AREA. 

AREA ON SUBGRADE OVER WHICH 
LOAO IS SPREAD DEPENDS UPON 
THICKNESS OF BASE AND SURFACE. 

A LOW-QUALITY SUBGRADE HAVING A 
LOW BEARING RATIO (Br ) REQUIRES 
A THICK BASE ANO SURFACE SO 
THAT WHEEL LOAO WILL BE DELIVERED 
TO SUBGRADE AT A SAFE UNIT PRESSURE. 
REQUIRED THICKNESS OF BASE ANO 
SURFACE MAY BE REOUOEO BY BUILOING 
HIGH STRENGTH INTO THE SUBGRADE. 

Figure 66. — Wheel load distribution through a flexible type pavement. 
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5. Airplane wheel loads . — Wheel load values for design of runways 
are shown in table IX. Values in the table are applicable to run- 
ways, taxiways, and hard standings. 

( 

Table IX . — Airplane wheel loads for design 



Type of aircraft 


Wheel load 
(lb.) 


Tire pressure 
(lb. per sq. in.) 


Contact area 
(sq. in.) 


Light (cub-type) and observation 


7, 000 


40 


175 


Fighter . _ 


15, 000 


55 


273 


Medium bomber 


37, 000 


65 


570 


Heavy bomber 


60, 000 


75 


800 



o. Siibgrade strength. — (1) The basic idea in designing and con- 
structing runways for carrying loads is to build maximum possible 
strength into the subgrade, protect that inherent strength by proper 
drainage, then provide only such thickness of pavement (combined 
base and surface courses) above subgrade as is required to distribute 
wheel loads. (See fig. 66.) A small improvement in subgrade 
strength may reduce required thickness of pavement several inches. A 
thickness saving of only 1 inch on a runway 150 by 5,000 feet means 
a saving of 2,300 cubic yards or about 3,200 tons of base material. 

(2) Maximum subgrade strength or load capacity is obtained by — 

(a) Planning earthwork operations to put best soils in top layers 
of all fills. Stripping of topsoil may expose good subgrade material. 

(b) Building fills in thin layers 6 to 9 inches thick, each layer com- 
pacted at controlled moisture. Minimum required compaction should 
be 90 percent of the maximum density of the soil at true optimum 
moisture content. Optimum moisture is the moisture content at which 
a soil will compact to greatest density with a particular kind of com- 
paction equipment. It is generally less than 20 percent of the dry 
weight of the soil. (See app. III.) 

( c ) Compacting the upper 9 inches of subgrade over entire cleared 
zone, both cuts and fills, to 95 percent of maximum density. For 
observation and lighter aircraft, compaction to 95 percent is desirable 
only under runways, but shoulders must be smooth. In addition to 
stabilizing the upper 9 inches of subgrade by compaction at con- 
trolled moisture, it may be possible to admix available natural material 
to this layer, producing a high quality subgrade. In some cases such 
improvement may even eliminate the necessity of a base course. 
Laboratory studies should cover this possibility. Typical natural 
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admixtures are sand to cohesive soil, and vice’ versa (for details see 
par. 92). 

{d) Providing a covering or blanket course of clean sand 1 to 2 
inches thick over plastic subgrades of cohesive soil, whenever the first 
layer of base is composed of coarse gravel, coarse talus rock, or coarse 
crushed rock. The sand blanket acts as a screen to prevent plastic 
subgrade soil from working up into and lubricating the base course. 
Thicker blanket courses may be required over expansive or frost-action 
soils. (See app. III.) 

d. Pavement thickness. — (1) General . — Required pavement thick- 
ness depends upon the strength (bearing ratio) of the subgrade. No 
standard thickness can be specified. Each airdrome is an individual 
problem. Some sites may have natural foundations (fig. 79) of such 
high strength (bearing ratio 80 percent or more) that only a surface 
course is required over the subgrade; others may require very thick 
pavements. When base and surface courses are required, the problem 
is to make best and quickest use of local materials. The quality and 
strength of a base course must be higher than the subgrade. If more 
than one base course is used, the upper course must have higher 
strength (higher bearing ratio) than the lower course. Bearing ratio 
of any course on which a bituminous surface is laid must be at least 80 
percent. 

(2) Data required . — The reconnaissance report (par. 50) and the 
soil survey (par. 59c) provide basic data for determining required 
thickness of pavement. The principal information is the subgrade soil 
classification, from which an estimate of the engineering properties 
of the subgrade are obtained as listed in table XXXII. This infor- 
mation should be supplemented and verified by field laboratory tests 
covering compaction and density characteristics, bearing ratio, and 
possible stabilizing procedures. Similar field laboratory studies should 
be made of available materials for base course (ch. 8) and surface 
course (ch. 11) since the data are needed in designing the pavements. 

(3) Procedure for flexible type . — Knowing either the subgrade soil 
classification from field identification or its strength as measured by 
bearing ratio tests with the field laboratory set, required total thick- 
ness of flexible type pavement above subgrade is estimated from 
figure 67. The procedure is to read vertically in the chart to the 
airplane wheel load line, then across to pavement thickness. Sim- 
ilarly, required thicknesses above any base course is determined by 
reading vertically on the line representing the bearing ratio of that 
base course to the airplane wheel load line, then across to thickness. 



Digitized by GOOQ 

' O 



101 



Original from 
UNIVERSITY OF CALIFORNIA 



TM 5—255 

63 



CORPS OF ENGINEERS 



BEARING RATIO IN PERCENT 
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100 150 200 250 500 800 

MODULUS OF SOIL REACTION "k" IN LBS/SQ. IN/IN. 

(SATURATED SOIL IN PLACE) 

NOTE: T. LINE m A"-USED FOR DESIGNING LIGHT-TRAFFIC ROADS. ~ 

LINE “B”-USED FOR DESIGNING HEAVY-TRAFFIC ROADS. 



2. RANGE OF BEARING RATIOS GIVEN ABOVE ARE FOR TYPICAL SOIL 
AND ARE APPROXIMATE. DESIGN SHOULD BE BASED ON BEARING 
RATIO TESTS WHERE PRACTICAL. FOR TEST PROCEDURE SEE 
APPENDIX HI. BEARING RATIO DETERMINED AT 0.1 INCH PENETRATION. 

3. BEARING RATIO, "B r ", IS FOR INDIVIDUAL SOILS, WHEREAS THE 
MODULUS OF SOIL REACTION V IS FOR A UNIFORM MASS OF SOIL. 

4. MINIMUM THICKNESS OF TOP LAYER OF BASE SHOULD VARY 
FROM 4 IN. OF 40% B r MATERIAL FOR 4,000-LB LOAD TO BIN. 

OF 80% B r MATERIAL FOR 70,000-LB. LOAD, WHEN SURFACE 
COURSE IS OMITTED OR IS LESS THAN IIN. THICK. 



(THIS CHART ADAPTED FROM DATA AND EXPERIENCE OF CALIFORNIA DIVISION OF HIGHWAYS) 



Fiqobe 67. — Design of flexible type pavements. 
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THICKNESS OF CONCRETE SLAB IN INCHES. 



NOTES: 

1. CURVES ARE BASED ON WESTERGAARD'S FORMULAS USING A WORKING STRESS 
(MOOULUS OF RUPTURE) OF 350 LBS. PER SQ.INCH AND A MODULUS OF ELASTICITY 
OF 4,000,000 LBS. PER SO. INCH . 

2. REQUIRED THICKNESS OF CONCRETE MAY BE REDUCED I INCH FOR EACH 5 INCHES 

OF GOOD BASE MATERIAL BETWEEN SUBGRADE AND SLAB .PROVIDED SLAB THICKNESS 
IS NOT LESS THAN 6 INCHES MINIMUM. , 

3. CHART GIVES VALUES OF INTERIOR SLAB THICKNESS | j- 

INTERIOR THICKNESS 

Figurb 68. — Design curves for concrete pavement. 
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Airplane wheel load values for design are selected from table IX. 
Better thickness estimates are obtained if actual bearing ratios of 
subgrade and base materials are known from tests. Preliminary esti- 
mates based on soil classification alone should be confirmed by field 
laboratory test. Similar confirmations are desirable during construc- 
tion. This chart must not be followed blindly. Extreme conditions 
of frost, marshy ground, or very heavy rainfall may require extra 
thickness (see g below). 

(4) Procedure for rigid type . — Required thickness of rigid type 
pavement is estimated using figures 67 and 68. Minimum thickness 
of concrete slab is 6 inches. Thicknesses greater than 6 inches may 
be reduced 1 inch for each 5 inches of high quality base material placed 
between subgrade and slab. 



BITUMINOUS SURFACE 



GW BASE, B r *80% 



SW BASE, Br *30% 




SF SUBGRADE, Br *16%- 

Figure 69. — Solution of example 1. 



(5) Examples . — Following are illustrative solutions of pavement 
thickness problems: 

Example 1 . — An airdrome is being designed for continuous use by 
medium bomber aircraft. Design wheel load is 37,000 pounds. Soil 
data are as follows: 

Subgrade soil is poorly graded sand-clay, classification SF, bearing 
ration (B r ) =16 percent. 

One source of base material provides well-graded sand-clay, classi- 
fication SW, bearing ratio (B r )=30 percent. This is not strong 
enough to support a bituminous surface course, but it is suitable for 
the first base course if two courses are used. 

Another source of base material provides well-graded gravel-sand, 
classification GW, bearing ratio (2? r )=80 percent. This is strong 
enough to support a bituminous surface course. 

Required: To estimate thickness of flexible type pavement. 

Solution: From figure 67, for a load of 37,000 pounds, total thick- 
ness above subgrade with 2? r =16 percent is 13 inches. Similarly, re- 
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quired thickness above first base course with B r — 30 percent is 7 inches. 
Solution using both base materials is illustrated in figure 69. In this 
case the upper 2 or 3 inches of the 7-inch base course might be used 
as aggregate, for a mixed-in-place bituminous surface course. An- 
other alternative would be to place only 5 inches of the 7-inch base 
and add a 2-inch plant-mix surface course. 

The GW base material (B, = 80 percent) could be used for the total 
required base thickness, if it is more conveniently available. 

Example 2. — An airdrome is being designed for medium bomber 
aircraft with a wheel load of 37,000 pounds. Subgrade soil is GF 
material, with 2?, =35 percent. Base course material with B r — 80 
percent is available. This is strong enough to support a bituminous 
surface course. 

Required : To estimate thickness of flexible type pavement. 

Solution : From figure 67, for a load of 37,000 pounds, total thick- 
ness above subgrade (Z? r — 35 percent) is 6 inches. 

Example 3. — An airdrome is being designed for heavy bombers, 
with wheel load of 60,000 pounds. Subgrade soil is SF. Aggregate 
and cement are available for a concrete pavement. 

Required : To estimate thickness of rigid type pavement. 

Solution: From figure 67, the average modulus of soil reaction (&) 
for soil SF is about 230 pounds per square inch per inch. From figure 
68, with k =230 and for a load of 60,000 pounds, the required slab 
thickness is about 9*4 inches. This thickness may be reduced 1 inch 
for each 5 inches of high quality granular base material placed between 
the subgrade and slab. 

Example 1 +. — A highway with a flexible type (bituminous) pavement 
is adjacent to the airdrome site. The total thickness of the highway 
base and surface courses is found by test hole to be 10 inches. The 
highway successfully carries heavy truck traffic. 

Required : To estimate the bearing ratio of the subgrade. 

Solution : From figure 67, line B, bearing ratio of the subgrade is 
about 12 percent. This should be checked against a classification of 
the subgrade soil from the test hole. If it is found to be SF or SP, 
or even CL or ML, results are consistent. This value of bearing ratio 
may be a guide in designing airdrome pavement provided the air- 
drome mb grade soil is the same as the highway subgrade soil. 

. e. Design for steel runways. — A portable steel surface may be 
placed directly upon the subgrade to save time required for base con- 
struction (see fig. 79). Steel surface may also be placed upon any 
completed layer or course above subgrade. (For further details see 
ch. 9.) 
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f. Design for emergency or temporary use. — (1) Bearing capacity 
of a subgrade is often high when its moisture content is at or below 
optimum as is the case during favorable weather. At such times the 
subgrade can accommodate aircraft if necessary, provided mainte- 
nance is given. Hence, under favorable weather conditions a field air- 
drome may be available for emergency use when the subgrade is com- 
pleted. Similarly, the airdrome might be used at the completion of a 
base course. 

(2) If an airdrome is for temporary use only during favorable 
weather, the pavement design may be considerably lighter than for 
use during adverse wet weather. An estimate of required pavement 
thickness in this case may be made by using a subgrade bearing ratio 
determined on a compacted sample at natural moisture content. 

g. Design for extreme conditions. — (1) Frost. — Drainage is of 
major importance in preventing frost heave. If effective drainage 
cannot be accomplished, nonfrost-heaving material should be placed 
to a minimum depth equal to one-half depth of average frost penetra- 
tion over all silty or clayey soils having frost-action characteristics 
(app. III). 

(2) Bogs and marshes . — Drainage, if practicable, is the first consid- 
eration for marshy ground. Thereafter subgrade strength can be ob- 
tained only by constructing heavy fills or mats, often several feet 
thick, across the soft ground. Such fills or mats should be constructed 
of nonplastic, granular soil material. 

(3) Heavy rainfall. — Extra base thickness is sometimes required 
over subgrades of plastic or cohesive soils in regions of heavy rainfall 
(above 50 inches per year) where the pavement does not include an 
impervious surface course. 

64. Pavement design for taxiways, hard standings, and 
roads. — Design criteria and procedures for pavement thickness on 
taxiways and hard standings are generally the same as for runways. 
Loads in table IX are used. Roads are designed using either load line 
A or B in figure 67. Concrete is preferred for the turning circle (fig. 
56) of all hard standings. 

65. Lay-out and design of ground installations. — a. Gasoline 
and lubricating oils. — (1) Two types of gasoline and oil storage are 
used in the theater of operations : bulk storage and operating storage. 
Both types may be provided at important base airdromes having com- 
plete facilities. Operating storage only is required at field airdromes. 
Figure 70 shows gasoline lay-out criteria for both types of storage. 
Bulk storage tanks should not exceed 2,500 barrels capacity and operat- 
ing storage tanks should not exceed 500 barrels (25,000 gallons) 
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INSERT (£) 




TANK FILL 
(COUPLINGS 

k,N v— jp£=i 

TRUCK \ 

fill ^BURIED tanks 

LINE FROM BUL 
STORAGE 

•TAXIWAY 



DISPERSED 

BUILDINGS 



OPERATION STORAGE TANKS (INSERT "a") 

(A) LOCATEO IN OR AOJACENT TO SQUADRON 
DISPERSAL AREAS. 

(B) IF POSSIBLE TANKS SHOULD BE BURIED, 
MOUNDED OVER, OR A COMBINATION OF 
BOTH TO A DEPTH OF NOT LESS THAN 5 
FEET. 

BULK STORAGE TANKS (INSERT^) 

(A) IF POSSIBLE TANKS SHOULD BE BURIED, 
MOUNDEO OVER ,OR A COMBINATION OF 
BOTH TO A DEPTH OF NOT LESS THAN 8 
FEET. 

(B) ABOVE GROUND TANKS SHOULD BE SUR- 
ROUNDED BY A RETAINING WALL HOLDING 
ONE AND ONE-HALF TIMES THE VOLUME 
OF THE TANK. LOW BRUSH AND OTHER IN- 
FLAMMABLE MATERIAL WITHIN 50 FEET 
OF ABOVE-GROUND TANKS SHOULD BE 
CLEARED IF SUCH CLEARING WILL NOT 
BE DETRIMENTAL TO CAMOUFLAGE. 



SEE \ 

INSERT@ \ 



DISPERSED 

BUILDINGS 



DISPERSED 

BUILDINGS 




BULK GASOLINE 
STORAGE ' 
SEE INSERTS) 



BURIED 

TANKS 



Figure 70. — Gasoline lay-out. 
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capacity. Buried tanks must be well anchored in all locations where 
ground water table may rise above the bottom of tanks and float them 
when empty. Distributing pipes and pumps, tank-fill couplings, 
truck fills, airplane fills, taxiways, and access roads are arranged to 
provide rapid handling and dispensing of gasoline and refueling of 
airplanes. 

(2) If storage tanks are not available, operation gasoline is stored in 
squadron dispersal areas in drums placed in traverses (protective earth 
walls) and concealed under trees or covered by nets. Hand-operated 
or small engine-driven pumps transfer gasoline directly to airplanes 
or into tank trucks. Small traverses are provided adjacent to airplane 
dispersal areas. Large dumps are placed in traverse or splinterproof 
revetments approximately y 2 mile from airplanes, landing field, and 
cantonment area. Drum storage points and airplane dispersal points 
are connected by access roads. 

(3) Principal reliance is placed upon trucks for dispensing gasoline 
at field airdromes, but facilities to dispense gasoline through hoses 
directly into airplanes are desirable. 

(4) Dispersion and concealment of storage must be provided in all 
cases. 

(5) Provision should be made at the time of installation for rapid 
destruction of storage facilities and supplies in cases capture by the 
enemy is imminent. 

h. Explosives and chemicals . — It is contemplated that all storage 
of explosives and chemicals at field airdromes will be either above 
ground or in shallow trenches. They will be dispersed and concealed. 
Figures 71, 72, and 73 show suggested bomb storage lay-out for one 
squadron. Specific storage plans for a field airdrome should be 
worked out with the squadron ordnance officer. 

c. Air force supplies . — Spare parts for airplanes and other items 
of air force supply require protection from weather, but the quantity 
at field airdromes will not justify protection against small arms fire 
or bombs. Only theater of operations type warehouses should be 
built (TM 5-280 and FM 1-55), after making fullest possible use 
of any existing structures. Location should be on roads within 
500 yards of any repair hangar that may be erected. 

d. Maintenance and repair facilities . — Except for engine changes 
and other major repairs, all maintenance of operational aircraft will 
be performed at dispersed locations. Facilities needed are — 

(1) Hangars . — If hangars are provided, normally not more than 
one per airdrome will be constructed. This structure must be care- 
fully located to obtain maximum concealment. Ordinarily no aprons 
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Figure 71. — Suggested bomb storage lay-out for one squadron. 
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4"x4" DUNNAGE—^ 

HALF SECTION ON LINE A-A 



CAPACITY 27,000 LB. HIGH EXPLOSIVE 
PLAN 

notes: 

1. EARTH BARRICADE NEED NOT BE RETANGULAR IN PLAN. 

2. 100 LB. BOMBS MAY BE DOUBLE DECKED. 



HEIGHT ABOUT 
3FT DEPENDING 
ON BOMB 
DIMENSIONS 




Figcbe 72. — Suggested bomb storage unit. 
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will be built adjacent as they tend to disclose hangar location. All 
that is required is a place in which mechanics can work with protec- 
tion from the weather and facilities to permit operation during black- 
out. Hangars will be simple buildings with wood, post and wire, or 
steel frames, and with metal, wood, or canvas cover. They should 
be fire and storm resistant. Size must be consistent with aircraft 
use. Complete hangars to accommodate large airplanes will be rare 




ELEVATION 



note: 

ALTERNATE TYPE 
WEATHERPROOF UNIT 
MAY BE SUBSTITUTED 
FOR CORRUGATED 
METAL 




PLAN 



Figure 73. — Suggested fuze storage unit. 



at field airdromes; other types such as the standard portable nose 
hangar or improvised nose hangars will be used. If smaller airplanes 
are housed at the field, a blister-type hangar of thin metal with canvas 
drop ends or a revetment with a light covering and a canvas drop to 
form a door may be used. 

(2) Shops . — At field airdromes repair facilities generally consist 
of trailers equipped with power tools. Provision must be made for 
concealed locations where they can be used. Under some circum- 
stances these trailers can be protected in shelters or revetments. 
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e. Technical and operations buildings. — Certain structures are 
necessary for technical and operation control of the airdrome. The 
number and type of these buildings will depend upon the size of the 
units occupying the airdrome and upon the location of the airdrome 
in the theater of operations. Generally, both a control tower and a 
splinter resistant operations building are necessary. 

(1) The control tower is located close to any runway which requires 
traffic control. It is usually a covered and inclosed platform about 
30 feet high, located to take advantage of natural cover. It must be 
located, however, to afford an unobstructed view of the runway. It 
may be built as a self-supported structure if trees are not available 
for support. It may be about 10 feet on a side, and will have a switch 
for the runway lights, a telephone to the operations building, and 
facilities for radio contact with airplanes. 

(2; The operations building should be protected to allow continued 
functioning during an air raid. A typical operations building is 
shown in figure 74 (T) and ®. This is not a standard design to be 
used in every situation. 

f. Personnel accommodations. — Where existing shelter is inade- 
quate and tentage is unsuited, theater of operations type housing will 
be constructed. Housing requirements for air force units are given 
in FM 1-55. Personnel housing is dispersed, but officers and men 
of each flight or squadron are accommodated in a single area. Nor- 
mally officers are housed in flight or squadron groups. 

66. Utilities plan. — a. General. — Lay-out of water lines, electric 
power lines, and of telephone, public address, and warning lines must 
be as simple as possible. They are usually laid on the ground initially 
except across roads, taxiways, and runways. To prevent freezing of 
water lines, special measures may be required, such as burying, special 
surface covering, or a pipe lay-out to provide continuous circulation 
of water. Sewage disposal by water is not ordinarily provided. 

b. Water supply. — (1) For information on pumping and purifica- 
tion of water see paragraph 31. If other than engineer canvas water 
storage tanks are installed, pneumatic tanks (TM 5-295) on or under 
the ground should be used instead of above ground tanks. Some sites 
may involve development of water supply by well or diversion dam. 

(2) Average water requirements by troops under several conditions 
of service, expressed in gallons per unit (man or vehicle) per day, 
are shown in table X. These should be modified according to circum- 
stances, especially in hot climates. Maximum requirement may exceed 
the average by from 15 to 100 percent. 
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1%gure 74. — A splinter resistant operations building consisting of a standard 20- by 100-foot building protected by an earth wall. Chief 

drawback is difficulty of camouflage. 
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Figure 74. — A splinter resistant operations building, etc. — Continued. 



Table X. — Water required by troops 





March and 
bivouac 


Temporary 

camp 


Semipermanent 
camp in rest area 


Cantonment 


Men 


2 


5 


30 


50 


Motor vehicles 


%-l 


%- 1 


%- 30 


Ya- 50 



c. Electrical supply . — For information on portable electric gener- 
ating equipment and lighting see paragraph 32. If a transmission 
line is near the airdrome, a supplemental power supply may be made 
available through a transformer bank and distribution system. How- 
ever, principal reliance should be on the portable generating equipment 
to supply essential power so that failure of the transmission line supply 
will not jeopardize airdrome operations. See FM 5-10, and TM 1-455 
for detailed explanation of electrical equipment and distribution. 
Electrical lay-out is shown in TM 5-280. 

d. Runway lighting . — Portable night lighting sets will be installed 
at field airdromes. These sets are organic equipment for every 
squadron. 
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67. Construction plan and schedule. — a. Construction priori- 
ties. — As work cannot start simultaneously on all elements of the air- 
drome, it is necessary to establish priorities so that supplies and equip- 
ment may arrive as required. The airdrome elements logically follow 
approximately in this order: 

(1) One runway into prevailing wind. 

(2) Aircraft dispersal parking areas with connecting taxiways. 

(3) Other runway or runways. 

(4) Taxiways connecting runways. 

(5) Servicing and maintenance installations. 

(6) Housing accommodations, including water supply. 

(7) Completion of technical facilities. 

(8) Completion of grading, drainage, access roads, and remaining 
building and utility facilities. 

(9) Completion of defense installations and camouflage. 

Naturally this order is not rigid, as several of the above elements will 
be undertaken simultaneously. The important elements of camouflage 
and defense installations start with the first construction and continue 
concurrently with the work , although final completion may be delayed 
until the airdrome is in operational use. 

b. Estimating quantities. — (1) An estimate of quantities of mate- 
rials, labor, and equipment is based upon a quantity survey of final 
plans. The quantity survey lists quantities of the various classes of 
work to be done in their normal construction sequence and in accord^ 
ance with established priorities. A suggested form for organizing 
and tabulating an estimate for the first runway follows : 



Operation 


Quantity of 
of work 
to be done 
(estimated from 
plans) 


Labor in man- 
hours 


Material 

required 


Equipment 

needed 


Remarks 


Clearing and grub- 
bing 












Drainage 












Grading 












Subgrade prepara- 
tion . 












Base course 












Surface course 

























(2) For computation of earthwork see table LVII and TM 5-230. 
Shrinkage factor for earth moved from excavation to embankment 
may vary from 10 to 20 percent. The factor may be assumed or esti- 
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mated from field laboratory tests. Swell factor for solid rock exca- 
vation moved to embankment may be estimated at 40 percent. 

(3) Table XI gives average rates of work by men and equipment for 
various classes of work. These must be used with judgment and ad- 
justed in terms of the local situation. Other operations not covered by 
the table are estimated by comparison. 

c. Time schedule ,. — A time schedule is next prepared, either in tabu- 
lar form or in chart form, showing the scheduled time of starting (with 
allowance for moving in and establishing the unit) and time of com- 
pleting each main construction operation of each element of the air- 
drome. Preparation of this schedule helps attain maximum use of 
equipment and troops and helps to avoid errors in assigning equip- 
ment. Material requirements — amount required and date needed — are 
also shown on the schedule for follow-up during construction. 

d. Troops . — Recommendations for requirements of troops are based 
on the quantity estimate and time schedule. Personnel estimates 
should not be precise to the point of breaking up units. Normally an 
entire battalion of aviation engineers should be employed because it has 
been designed as a balanced force capable of effective work on one new 
airdrome under field conditions. Arrangements must be made to move 
units to the site, to house them, and to feed them. 

e. Equipment . — Equipment of the engineer aviation battalion is de- 
signed for construction of one airdrome at a time. It is of the general 
duty variety for work on many different construction tasks. Normally 
the entire organic equipment of the engineer unit will be sent to the 
site. If the situation shows need for special or extra equipment items, 
they will be requisitioned and drawn from the regiment headquarters 
and service company or from theater headquarters depot stocks. As 
this equipment is heavy and unsuited to prolonged overland movement, 
advance arrangements for its shipment are required. In addition, de- 
pending upon isolation of the site, a special stock of spare parts 
should be taken at the same time. 
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Table XI 



Operation 


Kate 


Clearing and grubbing: 




Light 1 


50-200 man-hours per acre. 


Medium 


200-500 man-hours per acre. 


Heavy 


500-3,000 man-hours per acre. 


Drainage: 




Trenching by ditcher 


30-40 cu. yd. per hr. 


Trenching by hand 


0. 5-3.0 man-hours per cu. yd. 


Earthwork: 




Excavation by power shovel: 




J4-cu. yd. bucket 


30-80 cu. yd. per hr. 


Ji-cu. yd. bucket 


40-100 cu. yd. per hr. 


Excavation by 8-cu. yd. scraper, haul not 


80 cu. yd. per hr. 


over 600 ft. 




Moving earth by angledozer 


15-60 cu. yd. per hr. 


Spreading earth with grader 


50 cu. yd. per hr. 


Rolling with sheepsfoot roller 


300-600 sq. yd. per hr. 


Subgrade preparation: 




Scarifying and reshaping with grader _ . 


200-600 sq. yd. per hr. 


Mixing by rotary tiller, 6-in. depth . _ . . . . 


2,000-5,000 sq. yd. per hr.' 


Rolling with sheepsfoot, flat-wheel or 


200-600 sq. yd. per hr. 


rubber-tired roller. 




Base course construction: 




Spreading base material with grader _ 


50 cu. yd. per hr. 


Compacting gravel with flat-wheel roller 


6 % cu. yd. per hr. 


Compacting macadam base and surface with 


100 sq. yd. per hr. 


flat-wheel roller. 
Surface course construction: 




Mixing and laying bituminous mixed-in- 


500-1,500 sq. yd. per hr. 


place construction. 




Bituminous surface treatment or seal coat.. 


800-2,400 sq. yd. per hr. 


Concrete mixer, 14 cu. ft 


20 cu. yd. per hr. 



f. Materials . — Materials and supplies needed for construction are 
taken from the quantity estimate. Those to be supplied from depots 
are requisitioned well in advance for delivery a reasonable time before 
needed. 

68. Summary. — Preconstruction plans necessitate — 

a. Construction drawings or sketches of all features and elements 
of airdrome with controlling dimensions and grades. 

b. Special instructions or specifications. 

c. Construction schedule. 

d. Estimates of troops, equipment, and materials. 
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Chapter 7 

GENERAL CONSTRUCTION OPERATIONS 



Paragraph 

Scope 69 

Security ! 70 

Camouflage discipline during construction 71 

Direction and control of construction 72 

Construction surveys , 73 

Construction operations 74 

Clearing and grubbing '75 

Drainage and drainage structures 76 

Earthwork 77 

Preparation of subgrade 78 

Subgrade stabilization 79 

Base courses 80 

Surfaces 81 

Steel runways 82 

Other construction 83 

Stage construction 84 



69. Scope. — This chapter covers operations such as grading and 
drainage involved in building a field airdrome. Emphasis is placed 
upon use of aviation engineer equipment rather than upon hand 
methods. Proved construction methods are explained first, then alter- 
nate methods which the local situation may require. In addition to 
generally approved methods and acceptable alternates, there are many 
innovations which may be employed in emergencies. Under these 
circumstances, versatility and ingenuity are required. 

70. Security. — Before actual construction is started a plan for de- 
fense during construction must be set up (see ch. 13). The plan 
should cover the following: 

a. Directions and types of possible attack. 

b. Guard and warning systems. 

c. Dispersion of supplies. 

d. Assembly areas for personnel and equipment. 

e. Emplacement of weapons. 

71. Camouflage discipline during construction. — Careful con- 
sideration is given to camouflage as construction work progresses. 
Camouflage discipline must be enforced. 

72. Direction and control of construction. — Fast construction 
work requires competent management, supervision, and direction that 
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is ahead of work at all times. Difficulties must be anticipated and met 
with plans already formulated. Equipment should never have to wait 
for grade stakes. Materials and supplies must be available when 
needed. Regular , periodic maintenance, and prompt repair of equip- 
ment are vital. Operations such as compaction of fills, bituminous 
construction, and stabilization with admixtures must have technical 
supervision , since close control of proportions and operations is re- 
quired. Control requires frequent field density, moisture content, and 
bearing ratio tests during compaction ; sampling and field testing sta- 
bilized soil mixtures and base materials; and sampling and field 
testing surfacing materials. (See app. Ill for test procedures.) 

73. Construction surveys (see TM 5-235). — Adequate stakes 
must be set by survey well in advance of construction operations to 
prevent delay and useless effort. Grade stakes are required at the 
start of earthwork and again as work nears completion. Pull stakes 
(to establish length of spread of material in a truck) are needed to 
control placing of materials for stabilized subgrade, for base courses, 
and for surfaces. 

74. Construction operations. — Normal subdivisions of construc- 
tion operations involved in building runways, taxiways, access roads, 
and parking areas are — 

a. Clearing and grubbing (see par. 75). 

b. Drainage and drainage structures (see par. 76). 

c. Earthwork — excavation and embankment, cutting or borrowing, 
and filling (see par. 77). 

d. Preparation of subgrade (see par. 78). 

e. Base courses (see ch. 8). 

/. Surface course (see ch. 10) . 

75. Clearing and grubbing. — a. General. — Clearing and grub- 
bing consists of removing trees, brush, shrubs, logs, windfalls, and 
other vegetation and boulders from areas to be occupied by runways, 
taxiways, parking areas, roads, buildings, and other facilities. Camou- 
flage requirements must not be violated by haphazard or unnecessary 
clearing. 

b. Methods . — (1) Light vegetation is cut by mower or by hand. 

(2) Sagebrush and similar vegetation may be cleared by rooter or 
angledozer. 

(3) Small trees are cleared by cutting by hand or power saws. If 
complete removal is required, they are grubbed by clearing unit, trac- 
tor, or angledozer. 

(4) Large trees are felled by cutting (fig. 75) or by explosives 
(see FM 5-25). If stumps are to be grubbed, trees are cut off at 
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height not to exceed 3 feet above the ground. If stumps are not 
grubbed, they are cut off as close to the ground as practicable. In no 
case should stump height exeeed 12 inches. When cut to this limit, 
however, the top of the stump in areas to be filled must be at least 
X foot below subgrade elevation. Stumps are grubbed by the clearing 
unit, by explosives (FM 5-25) , or by a combination of the two. The 
angledozer, with blade straight and raised, may be used to push out 
trees and stumps (figs. 76 and 77) after blasting, or they may be pulled 



Figure 75. — Tree clearing with air compressor saw. 

by the crawler-type tractor. In some cases, entire trees may be 
removed by the angledozer without blasting or cutting. The first 
step is to make a saucer-shaped excavation with the angledozer around 
the base of the tree on the side opposite to the fall, cutting small roots 
and obstructions. The second step is to make a similar excavation on 
the fall side to a depth of about 3 feet. Dirt from both cuts is then 
pushed into the first cut and built into a ramp sloping up to the tree. 
This enables the angledozer to gain leverage by pushing higher on 
the trunk. Final step is to push with tractor and lift on blade. As 
the tree falls the tractor is backed up a few feet to clear the blade. 
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FIGUUE 76. — Grubbing tree with angledozer, blade straight and raised. 
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Figure 77. — Removing stump after blasting. 







TM 5-255 

AVIATION ENGINEERS 75-70 

(5) Disposal of cleared material must conform to the camouflage 
plan. In general, disposal methods are — 

(a) Piling and burning when permissible and practicable. 

(b) Moving it out of construction area into adjacent woods by 
tractor or by angledozer (fig. 78). Useful timber for logs, poles, 
posts, and piles may be salvaged by trimming larger trees and dis- 
posing slashings with other smaller brush. Some of the cleared trees 
and brush, especially from evergreens, may be useful for camouflage. 



Figuke 78. — Clearing brush with pair of angledozers. 

(6) Clearing boulders is done by rolling or pushing with angledozer 
(fig. 79) if the ground permits, or blasting them (FM 5-25). 

76. Drainage and drainage structures. — a. General. — Princi- 
pal drainage operations are — 

(1) Construction of open ditches with sloping sides. 

(2) Construction of narrow trenches or ditches with vertical sides 
to be backfilled with stone or clean coarse gravel, with or without tile 
or perforated pipe in the bottom. 

(3) Construction of drainage structures such as culverts, catch 
basins, and junction boxes. 

b. Methods. — (1) Open ditches (fig. 60) with sloping sides may be 
excavated with grader (fig. 80), angledozer, scraper, power shovel, or 
dragline depending upon size of ditch and prevailing working con- 
ditions. 
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(1) At start of clearing and grading. Boulder clearing principal problem. Natural founda- 
tion of boulders and gravel. No base course required, only a leveling course of granular 
material to provide uniform bearing for steel runway. 




'•••" • V • • :>.v<T>vy - V. 






! 

i 




® Firished runway. 

Figure 79. — Building airdrome site. 
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(2) Narrow trenches or ditches with vertical sides normally will 
be excavated with the ditcher. Best progress in excavation is made by 
this machine if it travels downgrade while digging. In order to insure 
proper flow of drainage water, the operator must dig down to, but not 
below, grade set for bottom of the trench. Digging closely to grade 
will eliminate slow trimming by. hand of portions of trench bottom 
which are above grade as well as backfilling and tamping portions 
below grade. 

(3) If sections of rock or cemented soil or gravel (called hardpan) 
are encountered, it will be necessary first to loosen this material along 
the ditch line by rooter or blasting (FM 5-25). 

(4) In some cases bracing or shoring may be necessary to keep the 
trench open and bottom clean until tile or pipe is laid and backfill is 
placed. 

(5) If material excavated from the trench (called spoil) is not to be 
backfilled into the trench, it may be loaded into trucks while trench- 
ing, or it may be spilled into a continuous pile along the trench. Sub- 
sequently it is spread by grader or angledozer and covered with top 
soil and forest litter for camouflage. It also may be removed by a 
scraper and placed in a fill or otherwise conveniently wasted. If it is 
to be backfilled into the trench, an angledozer will do it quickly (fig. 
81). Backfill .must be placed in compacted layers to minimize settle- 
ment whenever the trench is under a runway, taxiway, parking area, or 
road. The gasoline hammer (fig. 46) , the compressed air tamper, or 
hand tamping may be used. 

(6) When the trench is to be backfilled with granular material, 
special precautions must be taken to prevent soil or other fine material 
from getting mixed with backfill. Gravel or crushed rock backfill 
must be clean, screened material of medium size. French or blind 
drains have coarsest rock or gravel in the bottom (fig. 62). Tile in 
trenches is placed with open joints to admit water. The top of each 
joint should be covered with metal strips or with bitumen-saturated 
paper to prevent fine soil from getting into the tile. Perforated metal 
pipe may be placed with perforations either up or down. Placing 
with perforations up is advantageous when the pipe serves as a 
combination carrier and interceptor. If perforations are up, care 
must be taken to select backfill material that will prevent silting 
( sec. XIII, app. Ill ) . For concealment of subdrains intended to admit 
surface water, the top 6 inches of backfill may be pervious soil to grow 
grass. 

(7) To provide proper hydraulic flow, drainage structures must be 
built closely to required grade. Culverts, catch basins, and junction 
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Figubb 80. — Motor grader cutting open drainage ditch. 
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Figure 81. — Backfilling with angledozer. 
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boxes may be built of logs, sawed timber, rock, brick, or concrete, 
depending upon material and construction time available, and prob- 
able length of service required. Foundations for these structures 
must be firm. Catch basins and junction boxes should have removable 
covers for access for cleaning. Covers must be strong enough to 
carry loaded truck or aircraft wheels if they are located where such 
loads may pass over them. 

(8) Springs and seepage encountered in runway excavation may 
require exploratory excavation in the seepage area and construction 
of branch subdrains to the limit of such excavation, or construction of 
an intercepting drain outside the runway limits. 

(9) The outside bottom surface of underground culverts of corru- 
gated metal, clay pipe, or concrete pipe must be bedded on firm soil, 
excavated true to grade, with a rounded surface against which the 
bottom of the tile or pipe will fit snugly for at least one-fourth of its 
circumference (fig. 82). Fill around the sides of culverts should 
be hand-compacted. A 12-inch cover of fill should be placed above 
the top of corrugated metal culverts before machine compaction is 
used. 

77. Earthwork. — a. General . — Good excavation progress results 
from job organization that permits quick loading and unloading, mini- 
mizes idle standing, and provides a capacity load each trip. Length 
of haul is also an important factor. Each job must be analyzed to 
determine correct equipment assignments and necessary aids such as 
boosters, rooting, or blasting to keep major units working efficiently. 
Circulating travel of hauling units is advantageous to eliminate back- 
ing to load or unload. Surface drainage should be provided at all 
stages of earthwork to avoid accumulation of rain water which will 
slow or bog down equipment. 

b. Excavation methods . — General excavation (and embankment) is 
accomplished by scraper, angledozer, or shovel and truck. Equip- 
ment is assigned to each portion of the work where it will be most 
effective. 

(1) Scrapers are used for earthwork extending over considerable 
areas involving cut and fill in successive layers. Maximum produc- 
tion is obtained if the scraper can haul a load going and coming, thus 
eliminating time lost in turns (fig. 83). In hard ground a push 
tractor or loosening by rooter helps achieve quick loading and high 
output. The rooter is operated always with teeth symmetrically 
spaced. If one tooth of a five-tooth rooter is broken or removed, the 
corresponding tooth on the other side is also removed. Rooter points 
must always be raised while turning. 
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® Lay-out with fills on both sides of a cat. 




® Lay-out with fill between two cuts. 

% 




(D Lay-out with alternate cuts and fills. 



Figure 83. — Scraper operations for increasing earthwork rate by eliminating turns. 
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(2) The angledozer is used where earth is to be drifted short 
distances and where turn-around space is limited. It is particularly 
adapted to end-casting in fills, side-casting in initial stages of sidehill 
cuts, and in initial stages of through cuts (see fig. 84) . Best progress 
is made if material can be drifted downhill. The angledozer may 
also be used in excavating basements or underground storage facilities, 
and for constructing earth traverses. Disposal of earth from excava- 
tions that are relatively shallow and of sufficient horizontal area to 
allow some maneuvering of the tractor may be expedited by using a 
strong, skid-mounted timber incline (similar to fig. 125) up which the 
dozer pushes the excavated earth. The upper end of the incline should 
be high enough for truck bodies to receive earth pushed over by the 
angledozer. 




FiGU&n 84. — Sidehill cut opened with angledozer and finished with scraper. Cut is kept 

low next to slope and high on outside. 



(3) Power shovels are used in situations where large yardage can 
be reached with infrequent shovel moves. Disposal is generally by 
truck, but casting over the side may be used in sidecut work. Strip- 
ping and clearing for shovel excavation may be done with angledozer 
(fig. 85). The clamshell and dragline are used for underwater ex- 
cavation and for dry excavation below working grade. 

(4) Holes for poles may be dug by the earth auger. Other excava- 
tions such as for piers, footings, and latrines may be dug with the 
ditcher. 

c. Constructing fills (embankment). — (1) Requirements prior to fill 
construction are placing all culverts, draining all ground seepage and 
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springs in the area to be covered, and preparing foundation. Stump 
holes, trenches, and other excavations must be filled and compacted in 
layers to original ground surface before placing any fill. Embank- 
ment foundations must be reasonably free from organic material such 
as leaves and brush, especially on sloping ground, to avoid seepage 
slip-planes which may result in slides. A few light cuts with a rooter 
or plow along the contours of a hillside will improve bond between 
foundation and embankment. 




Figure 85. — Stripping deposit with angledozer preparatory to shovel excavation. 



(2) In general, all fills of plastic or cohesive soil must be built up in 
compacted layers not thicker than 9 inches. Scrapers spread the soil 
in layers while unloading. A grader or angledozer may assist in 
spreading and smoothing. Each layer should be uniformly compacted 
at controlled moisture content. Moisture content during compaction 
of plastic soils should be approximately optimum content. This is 
generally less than 20 percent of dry weight. At optimum moisture, 
soil feels slightly damp and firm when squeezed in the hand. Periodic 
moisture and density tests are required to control compaction progress. 
(See table XXXII and sec. VII, app. Ill for more complete discussion 
of soil compaction.) 

(3) Earth fills are compacted with a sheepsfoot roller. Supple- 
mental compaction may be obtained by distributing travel of construc- 
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Figure 86. — Sheepsfoot roller compacting runway subgrade at controlled moisture content. 
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tion equipment over fill area. The sheepsfoot roller compacts a layer 
of loose soil froih the bottom up (see fig. 86). With each pass of the 
roller it penetrates less. The action is called “walking out” or “rolling 
out” the layer of soil. The tamping effect of the sheepsfoot may be in- 
creased by loading the roller drums with water or sand. Continuation 
of rolling after required compaction has been obtained is a waste of 
time and effort. Field density tests may be used as a guide to regulate 
compaction. 

(4) Rubber-tired rollers and flat wheel rollers may be used for com- 
pacting thin layers of soil but they are not as effective as the sheepsfoot 
roller. They had the disadvantage of compacting from the top down. 
This disadvantage is somewhat offset by the kneading action of the 
rubber-tired roller. 

(5) Soil for embankment which does not contain sufficient moisture 
must be dampened. It may be moistened in the excavation area, or 
it may be moistened a layer at a time on the fill. When water is added 
on the fill, the sheepsfoot roller is passed over the layer just before 
sprinkling. This allows water to collect in pockets and filter uni- 
formly through the soil with minimum evaporation loss. Soil that 
is too wet (as after a rain) must be allowed to dry. Manipulation of 
the overwet layer with plows, harrows, scarifier, or grader will aid 
evaporation of excess moisture. 

(6) Fill material of clean sand or clean sandy gravel is best com- 
pacted when it is saturated. Because vibrating action usually is neces- 
sary for compaction, the track-type tractor gives good results. Flat 
wheel rollers may also be used. Sometimes saturation alone will pro- 
duce sufficient compaction in sand for ordinary purposes. Saturation 
may be accomplished by ponding the surface of the fill with water, or 
by jetting if water is available under pressure. Jetting introduces 
water into the fill through perforated pipes pushed into the material. 
Caution: Do not saturate 'plastic or cohesive soil. 

(7) Poorest soil materials are put in the lower layers of fills when 
possible. Select material (determined from soil survey) which is 
encountered in excavation should be placed on top of fill to improve 
subgrade support. A depth of 9 inches is desirable. If excavation 
does not produce suitable select material, it may be borrowed from 
sources adjacent to the field airdrome. Sources of such select borrow 
are located by the soil survey. 

(8) Rock is ordinarily placed in the bottom of fills. If an entire 
fill is built of rock, it is finished off a few inches below subgrade eleva- 
tion to allow for a cushion layer of select excavation or select borrow. 



by GOO Q 

o 



134 



e 



Original from 
UNIVERSITY OF CALIFORNIA 



AVIATION ENGINEERS 



TM 5-255 
77-84 



It is preferable to place rock fills in layers not more than 3 feet thick, 
but end dumping for full height of fill may be necessary. 

(9) Embankment around structures must be built up in equal com- 
pacted layers approximately 3 inches thick around all parts of the 
structure. Tamping by gasoline hammer, compressed air hammer, or 
hand tools will be necessary in inaccessible areas. 

78. Preparation of subgrade. — a . General. — The subgrade is 
brought to required lines and grades after earthwork is roughly 
completed. 

6. Methods. — The entire area of subgrade, over both cut and filled 
areas, is scarified to a depth of about 9 inches. It is then moistened 
to approximately optimum moisture content by sprinkling, and com- 
pacted with a sheepsfoot or other appropriate roller to 95 percent of 
maximum density. All soft and yielding material which does not com- 
pact readily under rolling is removed and replaced with select material 
and compacted. Upon completion of compaction, the subgrade is fine- 
graded to required lines and grades, using motor graders. It is finally 
rolled with flat wheel rollers accompanied if necessary by . light 
sprinkling. 

79. Subgrade stabilization. — Detailed construction procedures 
are given in paragraph 92. 

80. Base courses. — Detailed construction procedures are given in 
chapter 8. 

81. Surfaces. — Detailed construction procedures are given in 
chapter 10. 

82. Steel runways. — Characteristics and construction details for 
steel runways are given in chapter 9. Steel runway mats may be laid 
directly upon the subgrade or upon a base course above the subgrade. 
Construction methods up to the grade upon which steel surface is laid 
are the same as for any other type of runway surface (see fig. 79). 

83. Other construction. — Other required construction operations 
such as road work, bridges, buildings, utilities, quarrying, water sup- 
ply, and concrete work not fully covered in this manual are covered 
in FM 5-10 or in TM 5-280 and 5-281. 

84. Stage construction. — Military necessity may require that a 
field airdrome be put in use at any stage of construction after the 
subgrade is finished. For example, a smooth compacted subgrade 
may serve aircraft temporarily in favorable weather, but sprinkling 
may be necessary to keep down dust, as well as fairly continuous drag- 
ging and rolling to maintain a smooth firm surface. Similarly, a field 
airdrome may be required for use when only the first base course is 
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finished, or after base construction is completed but before the surface 
is constructed. In these cases a dust palliative treatment or prime 
coat of bituminous material or other type of surface treatment may be 
hastily placed to meet the emergency, following which construction 
may be completed. These procedures are examples of stage con- 
struction. The basic requirement of this principle is that the sub- 
grade be built to its maximum supporting capacity in the first place. 
Thereafter any required loads may be accommodated by building neces- 
sary thickness of courses above subgrade, each course being progres- 
sively of higher quality toward the top. 
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Chapter 8 



BASE COURSES 

Paragraphs 

Section I. General description and requirements 85-90 

II. Specific requirements and construction methods 

for bases 91-99 



Section I 

GENERAL DESCRIPTION AND REQUIREMENTS 

Paragraph 



Selecting type of base 85 

Purpose and function of bases 86 

Stability! 87 

Stabilization 88 

Technical control 89 

General requirements for bases 90 



85. Selecting type of base. — a. Selection of the type of base con- 
struction for a particular situation depends principally upon materials 
available at the site. However, available equipment and prevailing 
weather conditions during construction are also important factors. 
Table XII is a summary of primary factors to be considered in mak- 
ing the decision. It is also a summary of the chapter on base courses 
for review and quick reference. 

b. Base courses most frequently used are the mechanically stabilized 
types: select borrow, stabilized soil, and gravel. These are affected 
less by adverse weather than any others, and they use natural materials 
generally available everywhere. They are relatively easy and fast 
to build and require less technical control. They are recommended in 
preference to bituminous or cement stabilization wherever possible. 

c. Bituminous and cement stabilization are especially adapted to 
construction during good weather in areas where sandy soils exist on 
the runway. These processes are not successful when constructed 
during wet or freezing seasons. Though not a necessity, a traveling 
mixer is very desirable because it gives rapid construction, thickness 
control, and thorough uniform mixing. 
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Table XII.— 



Type of base 



Select borrow base 

Description . — Me- 
chanically stabilized 
using natural material. 
May be built to any 
thickness in layers 3 to 
6 inches each. 



Stabilized soil base 
and stabilized sub- 
grade. 

Description. — Me- 
chanically stabilized 
using two or more 
blended and mixed nat- 
ural materials. May 
be built to any 
thickness in layers 3 to 
6 inches each. 



Gravel, crushed gravel, 
or crushed rock base. 
Description.— Me- 
chanically stabilized 
base using a screened 
or screened and 
crushed gravel or rock. 
May be built to any 
thickness in layers of 
3 to 6 inches each. 



Para- 

graph 

refer- 

ence 


Principal uses 


Material 


Natural 


Name or description of 
material used 


Special requirements 
(In addition to general 
requirements) 
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All purpose 


Pit run gravel, graded. 


Material ordinarily is used 






Disintegrated granite. 


as found, provided over- 








size is removed by 






Sandy soil. 


grizzly or hand picking. 






Pebble soil. 


Subgrade sand blanket 






Caliche. 


required on plastic sub- 






Talus rock. 


grades if base consists of 






Limestone. 


coarse rock. 






Shale. 








Scoria. 








Coral. 








Clinkers. 








Cinders. 
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All purpose 


Caliche 


Two or more natural ma- 






Limestone. 


terials are selected, pro- 






Shell. 


portioned, and mixed by 






Cinders. 


mixed-in-place method. 






Scoria. 


or by central mixing 






Coral. 


plant. Requirements 






Shale. 


for mixed material are: 






Limerock. 


1. Particle size gradation 






Disintegrated granite. 


must be controlled. 






Sand. 


2. Maximum particle size 






Gravel. 


not more than 2 inches. 






Selected soil. 


3. Gradation should con- 








form to one of the grad- 








ings in table XIII. 
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All purpose 


Fairly clean gravel, 


Gravel and rock material 






ledge rock, coarse 


must be hard, durable, 






talus rock. Over- 


and strong. Require- 






size gravel is sepa- 


ments for finished ma- 






rated by screening. 


terial are: 






It may be crushed 


1. Particle size gradation 






and added to the 


must be controlled. 




, 


natural gravel. 


2. Gradation should con- 








form to one of the grad- 








ings in table XIV. 
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Material — 
Continued 






Technical control 
required during 
construction 
(see secs. XI, XII, 
app. Ill) 


Other 


Equipment needed 


Effect of weather 
on construction 


Water for com- 


Regular equip- 


None, except dur- 


1. Control of mois- 


paction is re- 


ment assigned to 


ing prolonged 


ture during com- 


quired with 


engineer aviation 


rainy season or 


paction. 


some materials. 


battalion. Crush- 
ing equipment 
needed for some 
materials. 


prolonged freez- 
ing which will 
retard or sus- 
pend construc- 
tion operations. 


2. Control of com- 
paction by field 
density tests. 

3. Check tests: 

Bearing ratio. 
Liquid limit. 
Plasticity index. 


Water for com- 


1. Can be mixed in 


Required close 


1. Control of pro- 


paction. 


place with regular 
engineer aviation 
battalion equip- 
ment. 

2. Faster mixing in 
place with travel- 
ing mixer. 

3. Faster construc- 
tion with central 
mixing plant from 
heavy equipment 
set. 


control of mois- 
ture content pre- 
vents mixing in 
place and com- 
paction during 
wet or freezing 
weather. 


portions. 

2. Control of mois- 
ture during com- 
paction. 

3. Control of com- 
paction by field 
density tests. 

4. Check tests: 

Bearing ratio. 

Gradation. 

Liquid limit. 

Plasticity index. 


Water for com- 


Regular engineer 


None, except dur- 


1. Control of pro- 


paction. 


aviation battalion 
equipment plus 
crushing and 
screening equii>- 
ment. 


ing prolonged 
rainy season or 
prolonged freez- 
ing. 


portions. 

2. Control of com- 
paction. Water 
needed but not 
critical. 

3. Check tests: 

Bearing ratio. 

Gradation. 

Liquid limit. 

Plasticity index. 



139 

LiOOQle 

o 



Emergency or 
temporary use 
by aircraft 



Requires a surface 
course except for 
emergency or 
temporary use. 



Requires a surface 
course except for 
emergency or 
temporary use. 



Requires a surface 
course except for 
emergency or 
temporary use. 
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Table XII. — Base 









Material 


Type of base 


Para- 

graph 

refer- 


Principal uses 


Natural 




enoe 




Name or description of 
material used 


Special requirements 
(in addition to general 
requirements) 


Cement stabilised base . 

Description . — Nat - 
ural sandy material 
stabilized with port- 
land cement. Thick- 
ness is 6 inches built in 
one layer. 


94 


Used as a base where 
sandy material 
exists on runway, 
and where a 6-inch 
base will be ade- 
quate for strength. 


Sandy soil such as des- 
ert sand, beach 
sand, glacial sand, 
and bank sand. 
Best suited to sites 
which have suitable 
sandy material in 
place. 


Preliminary laboratory 
investigation required 
to determine suitability 
of aggregate for cement 
treatment and to deter- 
mine proportions of ce- 
ment and aggregate. 
Particle size gradations 
should conform to table 
XV. 

Liquid limit, 30, maxi- 
mum. Plasticity index, 
6, maximum. A good 
cement stabilized base 
generally has a high 
bearing ratio. 


Bituminous stabil- 
ized base. 

Descriptiim.— -Nat- 
ural sandy material 
stabilized with asphalt 
or tar. Thickness 
varies from 3 to flinches. 


95 


Constructed where 
sandy material 
exists on runway 
by m i x i n g in 
place. Also used 
when sandy ma- 
terial is available 
in adjacent depos- 
its by importing 
and mixing in 
place or by cen- 
tral mixing then 
importing. Used 
only where 6-inch 
thickness will be 
adequate for 
strength. 


Sandy soil such as 
desert sand, beach 
sand, glacial sand, 
and bank sand. 
Best suited to sites 
having suitable 
sandy material in 
place. Also suited 
to locations where 
aggregate may be 
mixed at a central 
mixing plant, then 
transported to the 
runway. 


Preliminary laboratory 
investigation required 
to determine suitability 
of aggregate and to 
determine proportions 
of bitumen to use. 

Particle size gradations 
should conform to table 
XV. 

Liquid limit, 30, maxi- 
mum. 

Plasticity index, 6, maxi- 
mum. 


Macadam base. (Dry, 


96 


All purpose, high 


Angular crushed rock 


Fragments must be hard 


water bound, or bitu- 


97 


quality bases. 


or slag, coarse and 


and durable. Bases of 


minous penetration) . 
Description . — H i g h 
quality base built of 
angular crushed stone 
or crushed slag in lay- 
ers 3 to 6 inches thick. 


98 


Not used under 
concrete. 


fine. 


this type have high 
bearing ratios. 
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courses — Continued 



Material- 

Continued 






Technical control 
required during 
construction * 
(see secs. XL XII, 
app. Ill) 




Other 


Equipment needed 


Effect of weather 
on construction 


Emergency or 
temporary use 
by aircraft 


* 

Portland cement, 


1. Can be mixed in 


Not constructed 


1. Laboratory in- 


1. Requires a cur- 


0.075 to 0.1125 


place with regular 


in wet or frees- 


vestigation to 


ing period of 


bag per square 
yard per inch of 
compacted 
thickness. 
Water, at rate 
of gallons 

per square yard 
per inch of 
thickness. 


engineer aviation 
battalion equip- 
ment. 

2. Faster construc- 
tion with travel- 
ing mixer. 


ing weather. 


prove suitability 
of aggregate and 
to determine re- 
quired proportion 
of cement. 

2. Control of pro- 
portions during 
construction. 

3. Control of mois- 
ture during com- 
paction. 

4. Control of com- 
paction by field 
density tests. 

5. Control of curing. 


about 1 week. 

2. Requires a bi- 
tuminous surface 
course, but may 
be used tempo- 
rarily by aircraft 
before surfacing. 


Asphalt or tar at 


1. Can be mixed in 


Not constructed 


1. Laboratory in- 


1. Requires some 


rate of gallon 


place with regular 


in wet or freez- 


vestigation to 


curing unless hot 


per square yard 
per inch of 
thickness. 


engineer aviation 
battalion equip- 
ment. 

2. Faster construc- 
tion with travel- 
ing mixer. 

3. Faster construc- 
tion with central 
mixing plant from 
heavy equipment 
set. 


ing weather. 


prove suitability 
of aggregate and to 
determine propor- 
tion of bitumen. 

2. Control of pro- 
portions during 
construction. 

3. Control of com- 
paction. 


plant mix con- 
struction used. 

2. Requires a bi- 
tuminous surface 
course. 

3. Temporary use 
by aircraft is 
possible. 


Water for water- 


Regular engineer 


Not constructed in 


1. Close control of 


Requires a bitumi- 


bound mac- 


aviation battal- 


wet or freezing 


spreading coarse 


nous surface 


adam. 

Bitumen for pene- 
tration mac- 
adam at rate 
1.65 gallon per 
square yard. 


ion equipment 
plus crushing and 
screening equip- 
ment. 


weather. 


aggregate. 

2. Control of com- 
paction. 


course, but tem- 
porary use by 
aircraft is pos- 
sible. 
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Table XII . — Base 









Material 


Type of base * 


Para- 

graph 

refer- 


Principal uses 


Natural 




ence 


% 


Name or description of 
material used 


Special requirements 
(in addition to general 
requirements) 


Asphaltic concrete or 
black base. 

Description.— A high 
quality base built in 
layers 2 to 4 inches 
thick using plant- 
mixed material. 


99 


All purpose, high 
quality bases. 
Not used under 
concrete. 


Gravel, crushed gravel, 
or crushed rock, 
screened or graded. 


Gravel and rock material 
must be hard, durable 
and strong. 

а. Particle size gradation 
must be uniform. Gra- 
dation must conform 
with one of the gradings 
in table XXIV. 

б. Plasticity index of frac- 
tion passing No. 40 not 
more than 6. 



GENERAL REQUIREMENTS APPLICABLE TO ALL BASE COURSES 

1. a. Bearing ratio ( B r ) of base course material must be higher than bearing ratio of subgrade on which it 
is placed. 

b. Where more than one base course is used, the bearing ratio must be higher for each ascending course. 

c. Bearing ratio of a base course on which a bituminous surface course is laid must be at least 80 percent. 

d. Bearing ratio check tests made during construction of a base course must be at least equal to the pre- 
liminary value of bearing ratio upon which the pavement design was based. If not, adjustments in design 
or construction procedure must be made. 

2. Gradation of particles should conform to gradation requirements for each type of base, but some devia- 
tion is permissible provided proper bearing ratio is developed arid provided the base is otherwise satisfactory. 

3. The water resisting properties of the soil-mortar fraction (portion passing No. 40 sieve) of bases composed 
of graded mixtures are indicated by liquid limit and plasticity index. In general, safe maximum values of 
liquid limit and plasticity index are 25 and 6 respectively. However, if the fraction passing No. 40 sieve is 
less than 20 percent of the total material, allowable values of liquid limit and plasticity index may be in- 
creased to 35 and 9 respectively. Similarly a liquid limit of 40 may be safe if the plasticity index is 0. 
Liquid limit and plasticity index values are indicative of the properties of soil-mortar fraction only, whereas 
bearing ratio is indicative of base material as a whole, hence some deviation from safe limits of liquid limit 
and plastitcity index is permissible provided proper bearing ratio is developed. 
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Material- 

Continued 



Other 



Equipment needed 



Effect of weather 
on construction 



Technical control 
required during 
construction 
(see secs. XI, XII, 
app. Ill) 



Emergency or 
temporary use 
by aircraft 



Bitumen 



Regular engineer Not constructed in 
aviation battalion wet or freezing 

equipment plus weather, 

crushing and 
screening equip- 
ment and central 
mixing plant. 



3. Control of com- 
paction. 



2. Control of grada- 
tion of particles. 



1. Control of pro- 
portions. 



Requires a bitumi- 
nous surface 
course, but tem- 
porary use by 
aircraft is pos- 
sible. 



DESIGN PRINCIPLES 



The basic idea in design and construction of runways for carrying load is to build maximum possible 
strength into the subgrade, protect that inherent strength by proper drainage, then provide only such 
thickness of base and surface courses above the subgrade as is required to distribute airplane wheel over the 
subgrade. For this reason no standard thickness of base is specified. Required thickness depends upon 
subgrade bearing ratio. Each airdrome is an individual problem. Some sites may have natural founda- 
tions with high subgrade bearing ratios (80 percent or above) that will not require base courses. Other 
things being equal, such sites should be favored in site selection. Other sites may Require heavy bases. 
In these cases the higher bearing ratio that can be developed in building the subgrade, the thinner will be 
the required base course to carry the same wheel load. Reference to figure 67 shows that for heavy airplanes, 
a small increase in subgrade bearing ratio may reduce required pavement thickness several inches. Saving 
1 inch of base on a runway 150 by 5,000 feet represents 2,300 cubic yards or about 3,200 tons of base material 
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86. Purpose and function of bases. — a. A base course (or 
courses) is required when the subgrade does not provide sufficient sup- 
port for loads to be carried. The quality and strength of a base course 
must, therefore, be higher than in the subgrade. If more than one 
base course is required and two qualities of base material are used, 
the lower quality material is put in the lower course and the higher 
quality material in the upper course. . A base course spreads or dis- 
tributes a wheel load over the subgrade to such an extent that unit 
pressure on the subgrade is less than unit load capacity of the subgrade. 
In all cases it is the subgrade that ultimately carries the load. (See 
fig. 66.) 

b. All subgrades, even in desert areas, gradually accumulate mois- 
ture after they are covered with a base and impervious surface. 
Amount of moisture accumulation depends upon climatic and soil 
conditions and effectiveness of drainage. Most subgrades, especially 
those of plastic or cohesive soil, soften appreciably with increase in 
moisture content. This softening is furthered by impact and vibra- 
tions of moving wheel loads. For this reason the combined thickness 
of base and surface is designed to provide necessary load distribution 
while saturated unless the runway is for temporary service only dur- 
ing favorable weather. Therefore, the strength of subgrade, as 
measured by its bearing ration (B r ), usually is determined in the 
saturated condition. 

87. Stability. — a. Stability means the ability to carry a wheel 
load without displacement either under the weight of a loaded wheel 
at rest, or under tractive or braking effort applied to a wheel. Exami- 
nation and observation of stable mixtures show that — 

(1) Every stable mixture depends upon a combination of internal 
friction and cohesion within the mass. 

(2) Every stable mixture is composed of particles which are in 
themselves strong and durable. 

b. Internal friction within the mass depends upon character of the 
surfaces of individual particles and pressures between them in the 
mass. Angular crushed rock when consolidated by rolling has high 
internal friction and is relatively stable. Stability is increased if this 
mass is cemented together with a weak binder or grout of rock dust 
and water as in water-bound macadam. Individual particles of 
crushed rock must be inherently strong and durable so they do not 
crumble during rolling operations nor subsequently under traffic and 
weather. 

c. Cohesion within the mass depends upon the cementing action of 
certain constituents of the mix. In compacted mixtures of gravel, 
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sand, and clay the extremely fine clay particles and microscopic films 
of moisture act as binder to furnish cohesion. This cohesion is not 
fully developed if there is too much or too little moisture present. For 
this reason, to construct a stable base it is necessary to compact mix- 
tures containing clay at controlled moisture content, and it is further 
necessary to control the moisture content of the base in service to 
maintain stability. Other materials such as asphalt and tar are used 
as binders with gravel and sand instead of clay. The advantage of 
these bituminous binders is that their cohesion is not so much affected 
by moisture as is clay binder. The stability of bases having a binding 
agent results partly from the cohesion supplied by the binder plus the 
internal friction among the closely packed particles. Too much binder 
in a mixture acts as a lubricant by preventing contact among coarse 
particles in a compacted base thus hindering the development of in- 
ternal friction. For this reason the proper quantity of binder in a 
base is as important as its quality. 

d. The stability of soil material varies widely with change in mois- 
ture. Under certain conditions soils may have sufficient stability for 
temporary use. For example, sand without some kind of surfacing 
is ordinarily not usable when very dry or very wet, but at an inter- 
mediate moisture content it may be very stable and usable without a 
pavement. A sandy beach for a period after an ebbing tide, such as 
Daytona Beach, where automobile speed trials have been run, is a 
typical example. Another is ordinary compacted earth that is slightly 
damp, such as an earth road in a shady lane that is neither dusty nor 
soft. 

e. Stability in base courses is obtained by — 

(1) Compaction to develop either internal friction or cohesion or 
both. 

(2) Proper moisture content du ‘ing construction, and maintenance 
of this desired moisture content in service by proper protection and 
drainage. 

(3) Good particle size gradation from coarse to fine so that voids 
between the coarsest particles are filled by finer particles, and so on 
down to the very finest particles. Such a mixture has high density 
and does not readily absorb moisture. 

(4) Proper amount and quality of binder or mortar in the mixture. 
Good natural binder in graded mixtures is identified by simple soil 
tests (see sec. XI, app. III). Bituminous and cement binders are 
commercial products. Bituminous binders are available in several 
grades permitting selection of binder to fit the job. 
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88. Stabilization. — Stabilization is a broad term covering any 
process for developing or preserving stability in a subgrade, a base 
course, or a surface course. Compacting an earth fill at controlled 
moisture content with a sheepsfoot roller is a form of stabilization. 
Drainage to control moisture content of a base or subgrade is another 
example of stabilization. In a more restricted sense the term stabili- 
zation refers to processes designed to develop strength in base courses. 
There are three stabilization procedures of importance in base courses 
for runways: 

a. Mechanical . — Stability may be developed by proper proportion- 
ing and compaction of natural materials including water. Examples 
are gravel-sand-clay mixtures compacted at controlled moisture con- 
tent and waterbound macadam. Mechanical stabilization is the most 
common type of base construction for runways and roads. It employs 
a wide variety of common materials found locally and is easily ac- 
complished. It requires less technical control, is affected less by 
adverse weather during construction, and requires less special equip- 
ment than other forms of base stabilization. Every possibility of 
using mechanical stabilization of bases should be explored fully 
before adopting other methods. Bituminous and cement stabiliza- 
tion of bases should be used only in situations where they are spe- 
cially applicable. 

b. Bituminous . — In this procedure a bituminous material (asphalt 
or tar) used as binder and waterproofing agent, is combined with 
natural sandy materials, is then compacted, and cured. Examples 
are — 

(1) Compacted sand-asphalt mixtures. 

(2) Bituminous macadam. 

c. Cement. — In this case portland cement and water are mixed with 
suitable natural aggregate, and are compacted and cured. 

d. Chemical. — Chemical stabilization using calcium chloride is not 
recommended for runway construction because of possible corrosive 
effect of the salt on aircraft. 

89. Technical control. — Technical control tests during construc- 
tion (see app. Ill) are essential to assure desired results. Construc- 
tion methods must be altered if desired results are not obtained. If 
alteration in methods does not remedy the defect, a change of design 
may be required. Technical control tests check moisture content, 
density obtained during compaction, gradation of mixtures, thick- 
ness, bearing ratio, and properties and proportions of materials. 
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90. General requirements £ot bases. — a. The finished base must 
have the required thickness (compacted) and develop the bearing 
ratio ( B r ) used in the design (see par. 63). 

b. A base course upon which any kind of bituminous surface is 
laid directly must have a firm, tightly bonded dense surface, and must 
develop a bearing ratio ( B r ) of at least 80 percent. 

<?. All base courses must be compacted. Bases composed of graded 
mixtures should be compacted to 95 percent of maximum density. 

d. Base courses are built in layers no thicker than can be properly 
compacted. Thickness of layers generally varies from 3 to 6 inches 
depending upon type of material and method of construction used. 

e. Gradation of particle sizes as determined by a sieve analysis 
should be within the limits specified for that type of base. However, 
if all other characteristics are satisfactory, especially bearing ratio, 
deviation from grading requirements may be permitted. 

f. Base mixtures must be uniform as to grain size distribution ; there 
must be no segregation of sizes ; that is, there must be no accumulations 
of coarse or fine particles in local areas. 

g. The binder or mortar portion of graded mixtures (that portion 
passing a No. 40 sieve) must have desirable water-resisting properties 
as shown by satisfactory values of liquid limit or plasticity index or 
both. However, if the bearing ratio is satisfactory and the propor- 
tion of material passing No. 40 sieve is less than 20 percent, specified 
values of liquid limit and plasticity index may be increased. 

h. All base courses (except bituminous penetration macadam and 
asphaltic concrete) upon which a bituminous surf ace course is to be con- 
structed, should be primed immediately after construction with an ap- 
plication of bitumous material spread by pressure distributor (see par. 
1205(3) for details of priming). 
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Section II 



SPECIFIC REQUIREMENTS AND CONSTRUCTION 
METHODS FOR BASES 



Paragraph 

Select borrow base course 91 

Stabilized soil base course and stabilized subgrade 92 

Gravel, crushed gravel, or crushed rock base courses 98 

Cement stabilized base 94 

Bituminous stabilized base 96 

Dry macadam base course 96 

Waterbound macadam base course 97 

Bituminous penetration macadam base course- 98 

Asphaltic concrete (black base) base course 99 



91. Select borrow base course. — a. Description . — This is a me- 
chanically stabilized base composed of selected borrow obtained dur- 
ing grading or from natural deposits adjacent to the site. Local 
material is ordinarily used as found with little or no processing. It 
is a type that may be generally used and built with engineer aviation 
battalion equipment. (See fig. 87.) 

b. Materials . — Pit run gravel (gravel as found in a deposit, not 
screened or processed) , talus rock, disintegrated granite, sand, pebble 
soil, caliche, limestone, shale, scoria, coral, clinkers, cinders, or other 
materials selected on the basis of laboratory investigation. No grada- 
tion limits are specified. If the material contains more than 20 per- 
cent passing No. 40 sieve, the liquid limit of this fraction should not 
be greater than 25 and plasticity index should not be greater than 6. 
Values up to 35 and 9 respectively, and in special cases even more, may 
be permitted provided the proportion passing No. 40 sieve is less than 
20 percent, and provided a satisfactory bearing ratio is developed 
in all cases. The maximum dimension of any particle incorporated 
in the base must not be greater than two-thirds the thickness of the 
layer in which it is placed. Particles larger than this (called over- 
size) may be removed from the runway by hand picking, or if prac- 
ticable, at the pit by passing the material over a grizzly before it goes 
into trucks. A grizzly is a frame with parallel bars of steel spaced to 
pass material of proper size and to retain oversize. The grizzly is 
kept clean by pushing accumulated oversize over the side. In some 
cases a sloping grizzly will be nearly self cleaning. Due care must be 
taken to prevent inclusion of clay balls in base material. A subgrade 
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Figure 87. — Construction of select borrow base of coarse gravel on runway to be surfaced with hot-laid bituminous plant-mix surface course. 
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sand blanket (par. 63c) is desirable over plastic subgrades when base 
material consists of coarse rock or gravel. 

c. Construction methods . — (1) Placing and spreading. — The runway 
is divided into convenient longitudinal strips 15 to 30 feet wide. For 
each strip, depositing and spreading of material on the prepared sub- 
grade or on a completed layer of base should commence at the point 
farthest from point of loading of trucks. Trucks must not pass over 
deposited base material. The material is deposited and spread in a 
uniform layer without segregation to such loose depth as will give 
required compacted thickness (table XLVI). Spreader boxes (fig. 
89) may be used to distribute the material in a uniform layer. When 
select borrow base is built in more than one layer, the construction 
procedure for each layer is identical. 

(2) Blading. — After the material for one layer has been evenly 
spread it is bladed by grader to a smooth surface. 

(3) Rolling and watering. — After smoothing, the layer of base is 
rolled, or watered and rolled. The type of roller is selected to fit the 
materials. Water is added by sprinkling as needed to assist compac- 
tion. Rolling progresses gradually from sides to center of each strip 
with overlapping passes. Rolling continues until desired compaction 
is obtained. 

(4) Final shaping. — After compaction the surface of the layer is 
shaped by light blading and rolled with flat wheel rollers, accom- 
panied by sprinkling, as needed, until the surface is true to line, and 
grade with a tight, uniform surface texture. 

(5) Prime coat. — A prime coat of bituminous material is applied 
as soon as possible by pressure distributor at a rate of 0.25 to 0.50 gal- 
lon per square yard. The exact rate is determined by trial. No more 
should be applied than can be absorbed by the base. (See par. 1206 
for construction details.) 

d. Use. — Under ^favorable weather conditions the primed base may 
be used immediately by aircraft provided reasonable care is exercised 
and continuous runway maintenance is available. 

92. Stabilized soil base course and stabilized subgrade. — a. 
Description. — This is a mechanically stabilized base composed of arti- 
ficially mixed soil material imported from deposits adjacent to the 
site. It is a type that can be built with engineer aviation battalion 
equipment although additional equipment may be useful. The base 
course may consist entirely of imported material (case 1), or a blend 
of imported material and material present on the runway (case 2). 
When existing material of the subgrade is stabilized by blending im- 
ported material, case 2 can be called subgrade stabilization (see par. 
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Figure 89. — Stabilized soil base material being spread from truck onto runway subgrade 

by means of mechanical spreader. 
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63 c). Figures 88 and 89 illustrate construction procedures for stabi- 
lized soil base. 

b. Materials . — Imported material for stabilized soil base consists 
of caliche) limestone, shell, cinders, scoria, coral, shale, limerock, 
disintegrated granite, sand, mixtures of gravel and soil, or other suit- 
able materials selected and verified by laboratory investigation. The 
composite or mixed base material must be free from vegetable matter 
and lumps or balls of clay and should meet requirements for one of 
the gradings given in table XIII. Oversize particles may be removed 
at the pit by grizzly (see par. 916), or they are removed from the 
runway by hand picking. 



Table XIII . — Requirements for grading of material for stabilized soil base 



Sieve designation 


Percent by weight passing square mesh sieves 


Grading A 


Grading B 


Grading C 


2-in 


100 






94-in 


70-100 


100 


100 


No. 4 - - _ 


55-85 


70-100 




No. 10— 


40-70 


40-80 


80-100 


No. 40 »— 


1 25-45 


1 25-50 


1 35-70 


No. 200*. - 


* 5-25 


* 8-25 


* 10-30 



i The fraction passing No. 40 sieve should have a liquid limit of not more than 25 and a plasticity index 
of not more than 6. 

* The amount of the fraction passing No. 200 sieve must be less than one-half of the fraction passing No. 40 
sieve. 

Bearing ratio values (Br) of these bases generally are higher if the gradation of particles approaches the 
coarse side (smaller percent passing each sieve) of the permissible limits. 

c. Construction methods. — (1) Placing all new material (case 1 ) . — 
Construction procedure after proper combination of materials is the 
same as described in paragraph 91c(l). Materials from different 
sources are combined by proportionate loading at the pits, by deposit- 
ing proper proportions of each material on the runway strip in suc- 
cessive spreadings to be mixed in place, or by proportioning and 
mixing at proper moisture content at a central mixing plant. When 
stabilized soil base is built in more than one layer, the construction 
procedure for each layer is identical. Utilization of a traveling mixer 
or a central mixing plant requires special equipment not included in 
regular issue to the engineer aviation battalion, which may be 
obtained from depot stock. 

(2) Preparation and placing new material for blending ( case 2 ). — 
The existing surface is scarified to the depth necessary to produce 
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the required proportion of existing material in the finished mix. The 
loosened material is then pulverized by a combination of harrow, 
disk, plow, grader, and rotary tiller. New material is then spread 
evenly in required amounts over the loosened and pulverized material. 

(3) Mixing and -final spreading. — (a) Mixing or processing of ma- 
terial is done on the runway by a combination of harrow, cultivator, 
plow, grader, and rotary tiller. Water is added by sprinkling as 
needed during mixing. 

(£>) If a traveling mixer is available, the base material is first 
windrowed by grader into uniform windrows having a cross section 
of 7 to 10 square feet. The traveling mixer progressively mixes 
each windrow, adding water to optimum content as the material 
passes through the machine. The completed mix is spread by grader. 

(c) Base material that is proportioned and mixed at a central plant 
is brought to the runway, evenly spread, and smoothed by grader to 
the required loose thickness preparatory to rolling. 

(4) Rolling. — Rolling procedure is the same as described in para- 
graph 91<?(3). Water content is critical and should be kept near 
optimum percentage during compaction. 

(5) Final shaping. — Same as paragraph 91<?(4). 

(6) Prime eoat . — See paragraph 91c (5). 

d. XJse. — See paragraph 91 d. 

93. Gravel, crushed gravel, or crushed rock base courses. — 

a. Description . — These are mechanically stabilized bases consisting 
principally of gravel or rock particles to which may be added fine ma- 
terial such as sand filler to correct any deficiencies in gradation 
below the 14-inch or No. 4 sieves. Screening or crushing and screen- 
ing equipment is required. 

b. Materials. — (1) Material consists of hard, durable particles and 
filler of sand or other finely divided mineral matter to supply any 
deficiency in grading. Clay balls are not permitted. Added filler is 
incorporated uniformly into aggregate. Oversize particles are re- 
moved. The combined base material including any added filler must 
meet requirements of one of the gradings in table XIV. 
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Table XIV . — Requirements for grading of material for gravel, crushed gravel or 

crushed rock base courses 



Sieve designation 


Gravel 

(percent) 


Crushed gravel and 
crushed rock 
(percent) 


A. 3-inch maximum size: 






Passing 3-inch sieve 


100 


100 


Passing 1-inch sieve . . . — 


40- 75 


40- 75 


Passing No. 4 sieve. 


* 20- 50 


15- 50 


Passing No. 200 sieve 1 


1 0- 12 


0- 12 


B. 2-inch maximum size: 






Passing 2-inch sieve 


100 


100 


Passing 1-inch sieve 


55- 90 


55- 90 


Passing No. 4 sieve 


25- 55 


20- 50 


Passing No. 200 sieve 1 . 


» 0- 12 


» 0- 12 


C. 1-inch maximum size: 






Passing 1-inch sieve 


100 


100 


Passing No. 4 sieve _ — .. 


35- 60 


20- 55 


Passing No. 200 sieve 1 


0- 12 


>0- 12 


D. %-inch maximum size: 






Passing ^-inch sieve. 


100 


100 


Passing No. 4 sieve 


35- 60 


30- 55 


Passing No. 200 sieve 1 .. . 


1 0- 12 


* 0- 12 



> The fraction passing No. 200 sieve must be less than 65 percent of the fraction passing the No. 40 sieve. 

(2) If the material passing the No. 40 sieve does not exceed 20 per- 
cent of the total, it should have a plasticity index of not more than 9 
and a liquid limit of not more than 35, except that a material having 
no plasticity index may have a liquid limit of not more than 40. If 
material passing No. 40 sieve exceeds 20 percent of the total, corre- 
ponding limits on plasticity index should be 6 or liquid 25 and 30. 
Some latitude in these limits is permissible, provided a satisfactory 
bearing ratio is obtained. 

(3) The 3-inch and 2-inch maximum size materials often are used 
for first base courses and as bases under portland cement and asphaltic 
concrete surfaces (fig. 96) . Generally they are not used directly under 
other types of bituminous surfaces without a covering or layer of 
smaller size aggregate. 

(4) A sand blanket (par. 63c) is desirable over plastic or cohesive 
subgrades upon which 3-inch or 2-inch maximum size material is 
placed. 

c. Construction methods . — (1) Placing and spreading . — This pro- 
cedure is the sam£ as described in paragraph 91c (1) . 

(2) Mixing and spreading . — After base course material has been 
spread, it is mixed by the blade of a grader to incorporate filler. Mix- 
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ing continues until a uniform mixture free of segregations is obtained. 
Water is added as needed by sprinkler during mixing. When mix- 
ing is complete, the material is evenly spread by grader to the re- 
quired loose thickness. 

(3) Rolling. — Rolling procedure is the same as described in para- 
graph 91c (3) except that only the 10-ton three-wheel roller is used and 
that the water content is not critical, but is necessary to assist com- 
paction. 

(4) Final shaping. — Same as paragraph 91c (4). 

(5) Prime coat. — Same as paragraph 91c(5). 

d. Use. — See paragraph 91 d. 

94. Cement stabilized base. — a. Description. — This is a base 
course consisting principally of sandy or friable soil stabilized with 
Portland cement. It is particularly suited to sites at which sandy ma- 
terial exists on the runway as in coastal areas and desert areas provided 
sufficient water for construction is also available. It is constructed 
6 inches thick compacted. A bituminous surface course is required. 
It is not constructed during wet or freezing weather. Figures 90 to 
93, inclusive, illustrate soil-cement construction operations. 

b. Materials . — (1) Aggregate. — Sandy soil selected and approved 
by laboratory investigation constitutes the aggregate for this type of 
base. Typical materials are desert sand, beach sand, glacial sand, and 
bank sand. These must be free of clay balls. They must also be free 
of excess organic matter as determined by the organic test procedure 
in paragraph 50a, appendix III. Gradation requirements and limita- 
tions of liquid limit and plasticity index will be set by the laboratory 
for each project, but in general the aggregate requirements for success- 
ful cement stabilization are within the limits given in table XV. 

(2) Cement. — Standard portland cement is the stabilizing agent. 

(3) Water.— Water must be free from acids, alkalies, salts, and 
organic matter. Any water fit for human consumption is suitable for 
cement stabilization. 



Table XV. — Aggregate requirements for cement and bituminous stabilized base 



Sieve designation 


Percentage by 
weight passing 
square mesh 
sieges 


Sieve designation 


Percentage by 
weight passing 
square mesh 
sieves 


No. 4 


80-100 
50-100 
1 20- 95 


No. 80 


10-65 

5-15 


No. 10 


No. 200 


No. 40 1 







i Liquid limit not more than 30 and plasticity index not more than 6 on material passing No. 40 sieve. 
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Figure 1)0. — Cement stabilized base. Dry mixing with rotary tiller. 




Figure 91. — Cement stabilized base. Hand spreading cement over dry mixed aggregate. 
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(4) Proportions of aggregate and cement. — Laboratory investiga- 
tion must determine the particular proportions of aggregate, cement, 
and water for each project (see sec. XII, app. III). For estimating 
purposes it may be assumed that a base of 6 inches compacted thickness 
will require 0.075 to 0.1125 bag of cement and iy 2 gallons of water per 
square yard per inch of thickness. The required percentage of cement 



Figure 93. — Cement stabilized base. Wet mixing with traveling mixer. 

by volume of compacted aggregate ordinarily varies between 8 and 16. 
If construction is by mixed-in-place methods an additional 2 percent 
of cement is added to compensate for losses and nonuniformity. A 94- 
pound bag of cement is assumed to have a volume of 1 cubic foot. One 
square yard of compacted 6-inch base has a volume of 3 X 3 X %2~4.5 
cubic feet. If this is to be stabilized with 10 percent of cement by 
volume, the required cement per square yard for a 6-inch base will be 
0.10X4.5=0.45 cubic feet =0.45 bag= 0.45X94 =42.3 pounds. 

c. Construction methods. — (1) Mixed-in-place procedure. — (<z) 
Preparing aggregate. — If all or part of the aggregate is imported it 

159 original from 

Digitized by 'jOOglC UNIVERSITY OF CALIFORNIA 




TM 5-255 

94 



CORPS OF ENGINEERS 



is evenly spread on the subgrade ready for mixing. If the aggregate 
in place is to be stabilized, it is first loosened as necessary to the depth 
required using cultivator, scarifier, or rooter. The loosened material 
is then pulverized and dry-mixed by a combination of harrow, culti- 
vator, plow, grader, and rotary tiller until 85 percent will pass a No. 4 
sieve. The runway is again smoothed and shaped to desired profile 
and crown. Stakes, guide ribbons, or side forms are provided and 
placed on either side of the strip which is to be stabilized in one work- 
ing day. 

(6) Mixing with cement and water . — Cement is spread over the sur- 
face at the predetermined rate by hand methods or mechanical spread- 
ers. The covered area is then mixed at least once with the cultivator 
to cover the cement. With the grader the material is formed into uni- 
form windrows having from 7 to 10 square feet in cross section. The 
traveling mixer progressively mixes each windrow, adding the required 
amount of water. Mixed material is deposited in a windrow or is 
roughly spread. When a traveling mixer is not available, mixing is 
done with battalion equipment in two stages, dry and wet. The first 
step in dry mixing is two complete passes of the cultivator and rotary 
tiller. The mix is then turned “upside down” with the gang plow and 
mixing operations continued with the rotary tiller until mixing of 
aggregate and cement is complete. Cement must be completely dis- 
persed through the mixture as indicated by uniform color. There must 
be no accumulations of cement in balls. Application of water as neces- 
sary to provide optimum moisture of the soil-cement mixture should be 
started as soon as dry mixing is complete. Water is applied in incre- 
ments with a water distributor, and wet mixing operations as de- 
scribed for dry mixing, are started with the first increment of water 
and continued, including the “upside down” operation, until moisture 
is uniformly distributed throughout the mixture. After a little expe- 
rience with the mixture at optimum moisture as determined by test, 
it is possible to judge moisture content in the field by a simple hand- 
squeeze test. 

(c) Compacting and -finishing . — The mixture at optimum moisture 
is smoothed and shaped to line and grade ready for compaction. 
Compaction must be completed within 4 or 6 hours after adding 
water. Initial compaction is normally accomplished with sheepsfoot 
rollers. No less than two twin drum rollers should be used, as com- 
paction must be expedited while a uniform moisture content exists. 
Moisture lost by evaporation must be replaced to maintain optimum 
content. If the sheepsfoot rollers “walk out” in three or four passes 
due to quick initial setting or crusting of the mixture, loosening 
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with the chisel tooth cultivator to one-half of the compacted depth is 
carried out while rolling continues. Otherwise the base material will 
not be compacted to necessary density when rolling has been com- 
pleted. After the sheepsfoot rollers have “walked out,” a loose mulch 
approximately 1% inches in thickness will remain. The section being 
worked should again be shaped to desired line and grade. The mulch 
is then loosened to uniform depth with a harrow, water is applied to 
slightly in excess of optimum moisture, and compaction is continued 
with a rubber-tired roller. After the surface has been covered com- 
pletely at least once, the flat wheel roller and rubber-tired Toller should 
work together until the mulch is uniformly and tightly bonded over 
the entire surface. As a last operation, the surface is lightly bladed 
once over and collected loose material is removed. 

(d) Curing. — As soon as possible the compacted area is thoroughly 
broomed to remove all dust and loose material prior to curing. The 
base is then wetted and covered with topsoil or straw and kept wet 
for about a week. Another method of curing is to prime the base 
with 0.2 gallon per square yard of bituminous material (see par. 
1206). Freezing during early curing will damage the base. 

(2) Stationary plant-mix procedure. — Aggregate is passed through 
through the central plant where it is pulverized and well mixed. 
Trucks receive the mixture and deliver it to the runway where it is 
spread evenly, compacted, finished, and cured as described in (1) 
above. 

d. Use. — A bituminous surface course is required over a cement 
stabilized base, although limited use of the base by aircraft before 
surfacing is possible after adequate curing. 

05. Bituminous stabilized base. — a. Description. — This is a 
base constructed of sandy soil as aggregate and a bituminous material 
(bitumen). It is suited particularly to sites where sandy material 
exists on the runway, as in desert areas or coastal areas. It varies in 
thickness from 8 inches to a maximum of 6 inches, and is a suitable 
base for a bituminous surface course. (See fig. 94.) 

6. Materials. — (1) Aggregate. — See paragraph 946(1). 

(2) Bitumen {asphalt or tar) (see par. 1156 for explanation and 
description) .—-Selection of the particular grade of bitumen to be 
used with the available aggregate depends upon nature of the aggre- 
gate, equipment available for the work, and weather conditions and 
temperature during construction. (See tables XXXVII and 

xxxvm.) 

(a) Asphalt products generally used for mixing cold aggregate are 
rapid coring cutbacks (HO— 2 or RC-3). Emulsified asphalt (SS-1) 
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is also sometimes used, but cutback asphalts are preferred. If aggre- 
gate is heated before mixing, the asphalt may be rapid curing cutback 
(RC— 4 or RC-5) or asphalt cement (100-120 penetration). 

(&) Tar products generally used for mixing cold aggregate are 
RT-2 and RT-3. When aggregate is heated before mixing, RT-5 or 
RT-6 is used. 

(3) Proportions of aggregate and bituminous material. — There is 
an optimum bituminous content for each aggregate approximated by 
procedure described in paragraph 118. The general range of pro- 



Figuuk 04. — Bituminous stabilized base. Traveling mixer stabilizing sand with bituminous 
material. Mixer picks up dry aggregate, adds bitumen, mixes the two, and spreads the 
completed mixture. Illustration shows process. Similar equipment issued to stockpile. 

portion of bituminous material is 3 to 6.5 percent by weight of the 
aggregate. For estimating purposes it may be assumed that y 2 gallon 
per square yard of bituminous material will be required for each inch 
of compacted base thickness. If emulsified asphalt is used this quan- 
tity must be increased by 40 percent to allow for the water in the 
emulsion. Too much bituminous material results in a soft, unstable 
base, and too little bituminous binder gives a poorly bound, loose base 
that is not resistant to water. 

e. Construction met hods. — (1) Mixed-in-place procedure. — ( a ) Pre- 
paring aggregate. — If all or part of the aggregate is imported it is 
spread evenly on the subgrade ready for mixing. If the aggregate in 
place is to be stabilized, it is first loosened as necessary to the depth 
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required, using a cultivator, scarifier, or rooter depending upon the 
condition and nature of the material. Loosened material is then pul- 
verized and mixed by a combination of harrow, cultivator, plow, 
grader, and rotary tiller until 85 percent will pass a No. 4 sieve. 
Moisture content of aggregate should be about 5 percent but not more 
than 10 percent by weight before adding bituminous material. This 
can be adjusted by sprinkling or drying (aerating) as necessary. 

( b ) Mixing . — A traveling mixer is advantageous for this type of 
construction. The aggregate is first placed in uniform windrows hav- 
ing a cross section of 7 to 10 square feet. The traveling mixer then 
progressively mixes each windrow. Bitumen at proper temperature 
is added to the aggregate as it passes through the machine. Water 
also may be added if needed. The completed mix may be deposited 
in a windrow, or it may be roughly spread by the mixing machine. If 
a traveling mixer is not available, bitumen at proper spraying temper- 
ature (table XXX VT) is applied by distributor in increments of % 
gallon per square yard. A cultivator or harrow precedes the distribu- 
tor to ridge the aggregate. Mixing operations follow each application 
of bitumen, using a combination of harrow, cultivator, grader and 
rotary tiller. See paragraph 120 for details on distributing and mix- 
ing operations. 

(o) Compacting and -finishing . — The completed mix is spread evenly 
by grader to required thickness and grade. If necessary, a curing 
period is allowed before compaction to permit volatiles (moisture and 
bitumen solvents) in the mix to escape by evaporation. Compaction 
of layers up to 3 inches thick may be done with rubber-tired or flat 
wheel rollers. In compacting thicker layers (about 6 inches) the 
sheepsfoot roller may be used initially to compact the lower part of 
the layer followed by rubber-tired or flat wheel rollers. Finishing 
requires light blading and a final rolling with a flat wheel roller. 
Final compaction and finishing should be completed as rapidly as 
possible since overworking tends to dry out the surface and cause it 
to peel or scuff. This condition may be corrected by spraying bitumen 
at proper temperature on the finished base at the approximate rate 
of 14 gallon per square yard. Better penetration of this bitumen is 
obtained if it is sprayed during the middle of the day. (See par. 120 
for detailed instructions.) 

{d) Curing . — It is desirable to let the finished base cure for a period 
before adding a surface course. Such curing adds to the stability of 
the base. Complete curing is very important in all cases where emulsi- 
fied asphalt is used because the moisture content must be reduced to 
less than 2 percent by weight. 
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(2) Stationary plant-mix procedure. — (a) Plant-mix procedure 
is advantageous where all aggregate is imported. In such cases a 
mixing plant is set up near the aggregate deposit to produce bitumi- 
nous mixture ready for transportation to the runway. Plant-mix 
procedure may use either cold or heated aggregate. A heavier grade 
of bitumen may be used with hot plant-mixes thus affording better 
stability. Heating is necessary to dry aggregate that is too wet. Heat- 
ing is not required when emulsified asphalt is used. 

( b ) The completed mixture is transported by trucks to the runway 
where it is dumped, spread, compacted, and finished as in (l)(c) 
above. The runway is divided into longitudinal strips of convenient 
width for these operations. Compaction and finishing of hot mixes 
must keep up with delivery to the runway to take advantage of the 
workability of the hot mixture. 

(c) Truck bodies used to haul bituminous mixtures should be coated 
with a light covering of fuel or lubricating oil to prevent sticking and 
to facilitate dumping. Kerosene is a good solvent for cleaning 
equipment. 

d. Use. — Although they will serve in emergencies, bituminous sta- 
bilized bases are not ordinarily suited for extensive use by aircraft 
until covered with a more resistant bituminous surface course. 

98. Dry macadam base course. — a. Description. — This is a me- 
chanically stabilized base composed principally of angular fragments 
of aggregate and constructed without water. Crushing and screening 
equipment is required. 

b. Materials . — Mnterial for this type of base consists of crushed 
stone or crushed slag. Individual particles must be hard and durable ; 
an excess of flat, elongated, soft, or disintegrated pieces is undesirable. 
Slag should be air-cooled, blast furnace slag, weighing not less than 
60 pounds per cubic foot. Quantities of aggregate are estimated in 
table XVII. Two sizes of aggregate are used : coarse aggregate, and 
fine aggregate or screenings. Grading requirements are given in 
table XVI. 
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Table XVI . — Requirements for grading of aggregates for dry macadam base course 



Sieve designation # 


Stone and slag 


Sieve designation 


Stone and slag 


Percentage by weight passing 
square mesh sieves 


Percentage by weight passing 
square mesh sieves 


Coarse aggre- 
gate 


Screenings 


Coarse aggre- 
gate 


Screenings 




100 




%-inch 




100 


2-inch 


90-100 




34-inch 




90-100 


134 -inch 


35- 70 




No. 100. 




O- 30 


l-inch 


0- 15 











c. Construction methods . — (1) Blanketing sub grade. — When sub- 
grade is composed of plastic or cohesive soils that may work up into 
the coarse aggregate, a layer of sand or screenings in the amount of 
60 pounds per square yard should be spread upon the subgrade, then 
sprinkled and rolled to a tight surface (par. 63c). 

(2) Placing and spreading coarse aggregate (see fig. 95). — The 
runway is divided into longitudinal strips of any convenient width 
from 15 to 30 feet. Guide stakes, guide ribbons or side forms may be 
used to establish line and grade for each strip. Depositing and 
spreading of coarse stone commences in each strip at the point 
farthest from loading point of trucks and progresses continuously 
without breaks. Materials is deposited and spread in a uniform 
layer of such loose depth as to produce the required compacted thick- 
ness. No layer may be more than 4 inches thick after compaction. 
Spreading should be from dump boards, spreader boxes, or from 
moving vehicles controlled to distribute material in a uniform layer 
(fig. 95). When more than one layer is required, construction pro- 
cedure is identical for each layer. 

(3) Rolling. — Immediately following spreading of coarse aggre- 
gate, all material placed is compacted to full width of the strip by 
rolling with the 10-ton three-wheel roller. Rolling progresses grad- 
ually from sides to center of each strip. Rolling continues until the 
stone has been thoroughly keyed, as indicated by absence of creep or 
wave movement of coarse aggregate ahead of the roller. When, due 
to temporary conditions, subgrade is soft or yielding or rolling causes 
a wave-like motion in the subgrade, rolling is suspended. Finished 
surface after rolling should have no irregularities that exceed % inch 
when tested with a 10-foot straightedge. 
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(4) Applying screenings. — After coarse aggregate has been thor- 
oughly keyed and set by rolling, sufficient screenings are distributed to 
fill voids in the surface. Rolling is continuous while screenings are 
being spread, so that the jarring effect of the roller will cause the 
small stone to settle into surface voids. Screenings may be spread 
in thin layers by hand shovels or mechanical spreaders, or directly 
from moving trucks. They are not dumped in piles on the coarse 
aggregate. Hand or power brooms may be used to distribute screen- 
ings where needed during rolling. Spreading, sweeping, and rolling 
continue until no more screenings can be forced into the voids. An 
excess of screenings must be avoided. The finished base must be true 
to line and grade and reasonably smooth and regular when tested with 
a 10-foot straightedge. 

(5) Prime coat. — See paragraph 91c(5). 

d. Use. — See paragraph 91 d. 

97. Waterbound macadam base course. — a. Description . — This 
is a mechanically stabilized base course composed principally of 
angular fragments of aggregate and constructed .with the use of water. 
Crushing and screening equipment is required. It is not constructed 
during freezing weather. 

b. Quantities of materials per square yard . — Quantities per square 
yard for various thicknesses of layers are shown in table XVII. 
These quantities must be increased* for materials of specific gravity 
above 2.75 and decreased for materials of specific gravity below 2.55. 

Table XVII . — Weights of aggregate of average specific gravity {2.65) per square 
yard of base course for different layer thickness 



Weight of aggregate required per square yard of base course 



Layer thickness (inches) 


Coarse aggregate 


Screenings 
(for voids) 


Screenings (for 
surface dressing) 


Total 


3 


260 


80 


20 


360 


4__ 


345 


105 


20 


470 


5 


435 


130 


20 


585 



c. Materials. — The coarse aggregate and screenings may be either 
crushed stone or crushed slag. All aggregate consists of hard, durable 
particles or fragments of stone, free from an excess of flat, elongated, 
soft, or disintegrated pieces, dirt, or other objectionable matter. Slag 
should be air-cooled, blast furnace slag weighing not less than 60 
pounds per cubic foot. Crushed stone and crushed slag for coarse 
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aggregate and screenings must meet the requirements for grading 
given in table XVIII. 

Table XVIII . — Requirements for grading of aggregates for water-bound macadam 

base course 



Sieve designation 


Percentage by weight passing 
square mesh sieves 


Sieve designation 


Percentage by weight passing 
square mesh sieves 


Coarse aggre- 
gate 


Screenings 


Coarse aggre- 
gate 


Screenings 


3-inch 


100 




%-inch 




100 


2^-inch 


90-100 




No. 4 




85-100 


lJ4-inch 


25- 60 




No. 100 




5- 25 


%-inch 


0- 10 












Figure 95. — Water-bound macadam base course. Coarse stone is spread from trucks by 
spreader boxes guided by stakes. Rolling, keying, and watering will follow. 



d. Construction methods. — (1) Blanketing subgrade. — See para- 
graph 96c (1). 

(2) Placing and spreading coarse aggregate . — See paragraph 
96c (2). See figure 95. 
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(3) Rolling. — See paragraph 96c (3). 

(4) Applying screening a. — See paragraph 96c (4). 

(5) Sprinkling and grouting. — Immediately after surface voids of 
a layer have been filled with screenings, a section of convenient length 
is sprinkled until saturated, then rolled. Surface screenings are added 
as needed. Sprinkling and rolling continue until a grout of screen- 
ings and water forms, fills all voids, and gathers in a wave before each 
roller. Hand or power brooms are used to sweep wet screenings into 
unfilled voids. When a section of a strip has been grouted thor- 
oughly, it is allowed to dry completely before additional work is 
performed upon it. 

(6) Prime coat. — See paragraph 91c (5). 

e. Use. — See paragraph 91 d. 

98. Bituminous penetration macadam base course. — a. De- 
scription. — This is a base constructed of angular fragments and bitu- 
minous material. Finished thickness is generally 8 to 4 inches. It 
derives its stability both from mechanical interlock of the compacted 
aggregate and cohesion of the bituminous binder. Crushing and 
screening equipment is required. It is not constructed during freezing 
or wet weather. 

b. Materials . — (1) Aggregate. — The mineral aggregate consists of 
broken stone or broken slag. It must be of reasonably uniform quality 
throughout and must be clean and free from an excess of dust and flat 
or elongated pieces. Slag must weigh not less than 60 pounds per 
cubic foot for each size specified. Quantity of aggregate is estimated 
from table XVTI. Grading requirements are given in table XIX. 



Table XIX . — Requirements for grading of aggregate for bituminous penetration 

macadam base course S inches thick 



Aggregate 


Coarse 


Fine* 


Aggregate 


Coarse 


Fine 


Total passing 


Percent 


Percent 


Total passing 


Percent 


Percent 


2J4-in. sieve* 
2-in. sieve__ _ 

1^-in. sieve 

Y\- in. sieve 


100 
90-100 
35- 70 


100 


%-in. sieve 

%-in. sieve 

No. 4 sieve 

No. 10 sieve 


0-6 


90-100 
20- 55 
0- 10 
6- 5 



•For base 4 inches thick maximum size of coarse aggregate may be increa«*d to 3 inches. 



(2) Bituminous . — Bituminous material will generally be asphalt 
cement (85-100, 100-120, 120-150 penetration) but rapid curing cut- 
back asphalt (RC-5) , emulsified asphalt (RS-1), and tar (RT-11 or 
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RT-12) also may be used. (See tables XXXVII and XXXVIII.) 

c. Construction methods . — (1) Blanketing subgrade. — See para- 
graph 96c (1). 

(2) Spreading and compacting coarse aggregate. — (a) The runway 
is divided into longitudinal strips of convenient width from 15 to 30 
feet. Coarse aggregate is spread in a uniformly loose layer of correct 
thickness guided by stakes, ribbons, or side forms. If spread by 
hand each load or pile is dumped outside of the area upon which it is 
spread. Suitable precautions are taken to prevent aggregate from be- 
coming mixed or coated with dirt or other objectionable matter before 
and after spreading. 

(b) Coarse aggregate is dry-rolled with a 10-ton three- wheel roller. 
Rolling starts longitudinally at the sides and proceeds toward the 
center, overlapping on successive trips by at least one-half the width of 
the rear wheel. The compacted coarse aggregate is tested with a 10- 
foot straightedge to insure a firm, even surface, true to cross sections. 
If any irregularities appear during or after rolling they are remedied 
by loosening the surface and removing or adding coarse aggregate, 
as may be required. The area disturbed including surrounding sur- 
face, must be rolled until compacted satisfactorily to a uniform sur- 
face. All coarse aggregate which becomes coated or mixed with dirt 
or foreign substances prior to the application of bitumen must be re- 
moved and replaced with clean aggregate of the same kind, after which 
the area is compacted as specified. 

(3) First application of bitumen (see par. 12&). — Bitumen 
applied uniformly upon the rolled coarse aggregate, at a rate of 
about 1.25 gallons per square yard at application temperature. Bitu- 
men is applied by pressure distributor only when the course is thor- 
oughly dry for its entire depth and when the air temperature is not 
less than 45° F. in the shade. 

(4) Filling surface voids. — Immediately after the bitumen has been 
applied to the coarse aggregate, clean, dry, fine aggregate (table XIX) 
is sprinkled over its surface in quantity just sufficient to prevent roller 
wheels from sticking. Rolling continues until pavement is firmly 
bound together, with a hard smooth surface that shows no perceptible 
movement under the roller. Aggregate for this purpose must be ready 
for immediate use before any bitumen is applied. Aggregate is ap- 
plied ahead of truck or roller wheels. 

(5) Second application of bitumen. — A second application of bitu- 
men is applied under the same conditions and in the same manner as 
before, except that rate of application is about 0.4 gallon per square 
yard at application temperature. After the second application of 
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bitumen, clean, dry, fine aggregate is spread, rolled, and broomed until 
surface voids between coarse aggregate fragments have been filled but 
without covering the coarse aggregate itself. Upon completion of the 
base, no loose aggregate should be allowed to remain on the surface. 
The finished surface must be uniform, free from porous areas, ruts, or 
irregularities in contour, and true to established line and grade. 

(6) Back rolling and finishing . — The finished base is rolled as 
needed. Total rolling including dry rolling and back rolling should 







Figuiie 90. — Two-inch layer of asphalt concrete base over compacted crushed rock base 

course. 



average not less than one roller in continuous operation for 1 hour on 
each 100 square yards, with the roller operation at a speed of not 
more than 3 miles per hour. Surface of the finished base must be free 
from depressions exceeding % inch, as measured with a 10-foot 
straightedge paralleling the center line of the runway. 

d. Use . — Although undesirable from a construction viewpoint, the 
finished base may be used immediately by aircraft. 

99. Asphaltic concrete (black base) base course (see fig. 
96). — This is a hot plant-mixed base of high stability. It requires 
crushing or screening equipment, and a paving plant. For construc- 
tion details see paragraph 122 h. 
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Chapter 9 

STEEL KUNWAYS 



Paragraph 

Tactical uses 100 

Organization and equipment 101 

Site selection, design, and preparation 102 

Types of steel runway mat 103 

Planning 104 

Transporting runway mats 105 

Panel connections 106 

Laying of steel mat runways 107 

Work crew organization 108 

Repairs and maintenance 109 

Temperature changes 110 

Camouflage 111 



100. Tactical uses. — Prefabricated steel runway surfaces are de- 
signed for use in the theater of operations. They are placed where 
time and materials do not permit standard methods of construction. 
Steel runways are employed as follows : 

a. Heavy mat is used as an emergency landing surface and as a semi- 
permanent transportable surface to provide — 

(1) A hard surface runway for medium and heavy bombardment 
airplanes. 

(2) A hard surface temporary runway pending completion of a 
permanent runway. 

• (3) A taxi way or access road to a runway over which supplies can 
be hauled to airplanes. 

b. Light mat is definitely a field expedient, designed for use by fighter 
and observation airplanes, to provide — 

(1) Temporary runways at advance landing fields. 

(2) Hard standings and taxi ways at any airfield. 

(3) Temporary surfaces during repairs to any airfield. 

c. Steel mat may be laid as a wearing surface on a runway at any 
stage of its construction, from the subgrade up. 

101. Organization and equipment. — Normally an advanced air- 
field is constructed by an engineer aviation battalion. This unit is a 
balanced force equipped to perform all work effectively and expedi- 
tiously. In an extreme case actual laying of the mat for a runway can 
be accomplished by one platoon. 

102. Site selection, design, and preparation. — General require- 
ments for site selection, lay-out, design, and preparation for construc- 
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Figure 97. — Bomber landing on steel runway. Note that pierced planks run across, not parallel with, direction of flight of the airplane. 
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tion are the same for steel runways as for other types of surfaces. 
(See chs. 5, 6, and 7.) 

a. Steel mat has been designed to be laid with a minimum prepara- 
tion of base. This requires selection of a fairly well-adapted runway 
site. Time spent in locating a suitable site results in reducing the 
amount of preliminary work necessary before laying. Slopes should 
conform to specifications in chapter 6. Though these may be modi- 
fied by necessity, changes increase operational hazards and limit use- 
fulness. For best drainage, side slopes should be as great as per- 
mitted for aircraft use, as steel mat slows down surface runoff of water. 

b. In emergencies, steel mat can be laid on soils with low supporting 
values; but continuous maintenance may be required to keep the run- 
way usable especially for heavy airplanes. Much more satisfactory 
results are obtained when sites having stable, well-drained soils are 
chosen. Sand in soil is very desirable ; a flat beach is ideal. When 
laid on poor soils, difficulty can be anticipated in rainy weather from 
mud oozing up through the interstices. The pierced plank mat then 
tends to become slippejy when wet. Emergency conditions will some- 
times justify laying a mat on poor foundation but such an emergency 
solution should not be judged in comparison with permanent runways 
of the usual type. Where time is limited, fine grading of slight irreg- 
ularities on the surface of the grade (fig. 99) is not justified. The mat 
sinks into high spots and bridges low spots, effectively distributing 
the wheel load. 

103. Types of steel runway mat. — a . Genera l . — The various 
types of mat described herein are all in use. To expedite production, 
it has been necessary to purchase all these types. 

(1) Heavy mat. 

(a) Heavy bar-and-rod. 

( b) Irving grid. 

(e) Pierced plank. 

(2) Light mat. 

(a) Light bar-and-rod. 

(b) Sommerfeld. , 

b. Heavy types. — (1) Heavy bar-and-rod. — Heavy bar-and-rod air- 
plane landing mat is shown in figures 98 through 103 and in figure 108. 
The panel is 3 feet by 12 feet and weighs 140 pounds, or about 3.9 
pounds per square foot of coverage. It is designed to be handled 
easily by two men, carried on a small truck without too much over- 
hang, and laid transversely as a truck road or longitudinally as a 
truck tread. The panel is made of mild steel; bars are inch by 
1 inch, and rods are % inch in diameter. The welds are as strong as 
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the material. The panels are made with two types of connections, the 
flexible and the rigid. All illustrations show the rigid type. How- 
ever, the flexible connector is similar from the point of view of 
installation. 

(2) Irving grid . — This mat is shown in figures 107 and 113. The 
panel is 22% 6 inches by 12 feet 6 inches and weighs 130 pounds, or 
5.56 pounds per square foot of coverage. It is made of %6 -inch by 
1-inch mild steel bars. 

(3) Pierced plank . — Pierced plank mat is illustrated in figures 97, 
104, 105, and 106. The plank is 16 inches by 9 feet 11% inches over-all 
and covers a ground area of 15 inches by 10 feet, or 12^ square feet. 
Each plank weighs 65.5 pounds, or about 5.25 pounds per square foot 
of coverage. 

Table XX . — Chdtaderistics and comparison of runway mats 



Type 


Heavy bar- 
and-rod 


Irving 

grid 


Pierced 

plank 


Light bar- 
and-rod 


Sommer- 

feld 


Weight (lb. per sq. ft.)_ 


3.90 


5.56 


5.25 


1.90 


1.20. 


Unit weight and dimensions: 












Length 


W0" 


W6" 


WO" 


WO" 


75'. 


W r idth 


3'0"_ 


l'lOMe"--- 


1'3" 


3'0" 


W4H". 


Depth 


1" 


1" .... 


w 


94"... 


W* 


Area covered ^sq. ft.) 


36.0 


23.25 


12.5 


36.0 


750.0. 


Weight (lb.) 


140 


130-.- 


65.5 


68.4 


900. 


Bundles: 












Number and type of units 


14 panels.. 


15 panels. _ 


20 planks. 


29 panels. . 


Each roll. 


Weight Ob.).- 


1,960 


1,950 


1,310 


1,980 


935. 


Quantity for runway 5000 x 150: 










Num her of units .. 


20,833 


32,257 


60,000 . . 


20,833 


1,000. 


Total weight (tons) 


1,458 


2,097 


1,965 


712 


450. 


Cargo space (cu. ft.) 


68,340 


70,120 


35,200 


49,000 


33,100. 


Average laying speed (sq. ft. per man hr.) . 


75 (est.)___ 


75 


80 


175 


175. 


Comparative camouflage potentialities 


85% open 


85% open 


30% open 


90% open 


95% open 




area. 


area. 


area. 


area. 


area. 



(4) Relative merits . — The grid types of mat are superior to the 
pierced plank type in that they afford better traction when wet, and 
present a considerably smaller area of exposed surface, making them 
preferable for camouflage reasons. In addition, the bar-and-rod mat 
is appreciably lighter per square foot of coverage. However, the 
pierced plank mat is less bulky to handle. 

c. Light types. — (1) Light bar-and-rod . — Light bar-and-rod mat is 
of the same material and general design as the heavy type. The panel 
is 3 by 12 feet and weighs about 68.4 pounds, or about 1.9 pounds per 
square foot of coverage. Bars are Y% by % inch, and rods are % 
inch in diameter. 

(2) Sommerfeld mat. — (a) The Sommerfeld mat is illustrated in 
figures 111 and 112. This type is of British design and is used by 
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them in large quantities for fighter airdromes. The roll is 10 feet 
wide by 75 feet long and weighs about 900 pounds, or about 1.20 pounds 
per square foot of coverage. 

(ft) The roll consists primarily of %-inch rods spaced 8 inches apart 
and held in place by 12-gage, 3-inch hexagonal wire mesh. The rods 
have loops through which %-inch by 1 %-inch rectangular bars can be 
passed to connect the rolls into a continuous mat. Sufficient quantities 
of the hexagonal mesh have not been obtainable, which has made it 
necessary for some mat to be fabricated of 4-inch by 4-inch triangular 
mesh and some of 4-inch by 2-inch welded mesh. 

(3) Relative merits . — Sommerfeld mat is somewhat lighter than 
the bar-and-rod mat but this is largely offset by the bulkiness of the 
rolls. Both can be laid at a faster rate than the heavy types. 

104. Planning. — a. No set methods can be prescribed for handling 
and laying runway mat. The commanding officer must adopt pro- 
cedures best suited to meet requirements of the situation with avail- 
able troops and equipment. Due to the magnitude of the task, careful 
study and selection of methods can save considerable time and labor. 
The tactical situation, loading equipment available, length of haul 
and amount of transportation, readiness of runway, and experience 
of troops, all affect sequence of work and amount of handling 
necessary. 

ft. Motion pictures showing the actual laying of various types of 
steel mat are available through The Engineer Board, Fort Belvoir, 
Virginia. 

105. Transporting runway mats. — a. Rail shipments of mat 
usually are made in gondola cars, which a small truck crane can readily 
unload. The panels come in bundles weighing about 2,000 pounds 
except for Sommerfeld mat, which is shipped in 900-pound rolls. 

ft. If the field site is prepared, it is advantageous to dump bundles 
of mat directly onto the runway in convenient piles for distribution 
by hand (fig. 98). Breaking the bands and dropping each panel from 
the truck in approximate location for connecting (fig. 99) ordinarily 
consumes more time. Loose mat, however, should be unloaded by 
hand (fig. 101), as dumping will damage individual panels. Condi- 
tions may require that mat be stacked (fig. 100) near edges of runway 
until time to lay. 

c. Pierced plank bundles may be broken and individual planks 
dropped from truck onto runway into approximate location for 
connecting. 

d. Sommerfeld mat should not be brought onto the runway until 
ready to unroll. Then rolls should be placed accurately to save mov- 
ing by hand, 
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PiciuitE 9H * — Dumping bundle of mat in convenient piles on runway. 




Pcouee 9U.— Alternate method ; unloading and pluern^ panels diiecily from truck. 
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106. Panel connections. — a . Irving grid and bar-and-rod panels 
are joined by connector bands (fig. 103). The bands encircling the 
outside bar of a panel are slid over the tips of the connector opposite on 
the adjacent panel. To complete the connection, both tips of each 
connector are bent back so that the connector bands cannot slip off. 
To remove a single panel when the mat is laid, straighten the connector 
tips and slide off all bands holding it. 




Figure 102.— Joint la bar-and-rod mat. Section in circle abows connector bands in 
improper position due to sliding panel on ground. Section in rectangle appears in plan 
(fig. 103)* 



6. Pierced planks are connected by bayonet hooks. The hooks of 
each added plank are inserted into the slots of the adjacent planks (fig. 
104). The new plank is moved about 1% inches in the direction the 
hooks point until they are completely engaged (fig. 105) . Then spring 
dips are driven behind the hooks into the cleared portion of one slot 
near each end of the 10- foot plank to prevent the hooks from sliding 
back and becoming disengaged (fig. 106). Provided plank is laid in 
opposite directions in alternate rows, individual planks can be removed 
by taking out the spring clips, raising the end opposite the direction 
of the hooks enough to clear the next plank in line, and withdrawing the 
hooks from the slots. 
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107. Laying of steel mat runways. — Laying of steel mat can be 
done so much faster than preparation of runway base that it should 
not be started until at least 1,500 feet of the base is ready. Once a 
well balanced organization to fit the situation is achieved, mat laying 
ceases to be a problem and progresses at a steady, predictable rate. 
General organization and procedure involved in laying any type of 
steel mat runways is covered below. 

a. Methods. — (1) With the complete site prepared, the fastest 
method of laying (except for pierced plank) is to start at the mid- 




Figure 103. — Plan of bar-and-rod joint showing connector bands and method of crimping. 



point of the center line of the runway. From this midpoint it is 
possible to lay simultaneously in the four quadrants. Two rows are 
laid along the centerline in each direction. As soon as a two-panel 
distance is gained, additional rows in echelon can be laid in each 
quadrant (fig. 107). 

(2) Pierced plank mat is laid from the midpoint toward each end 
of the runway rather than in quadrants. The length of each plank 
is laid perpendicular to the direction of the runway (fig. 07). The 
direction of laying plank must he reversed in adjacent rows so indi- 
vidual planks can he removed. To maintain alinement it is best to 
lay from alternate sides of the runway from time to time. 

h. Shifts . — To accomplish the laying in minimum time, shifts are 
necessary. The battalion organization lends itself readily to three 
shifts by assigning one company to each shift. Headquarters and 
service company may be charged with transporting the mat from rail- 
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Figure 104. — Method of laying pierced plank. Bayonet hooks of raised plank being in- 
serted into slots of plank already laid. Note use of short planks at ends of alternate 
rows to obtain staggered joints. 
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head to site and dumping the mat in piles conveniently located to 
the runway. 

108. Work crew organization. — Due to integral differences in 




Figure 105. — Details of bayonet hook joint of pierced plank. 

construction of the mat types, procedures and organization for laying 

vary. 

a. Bar-and-rod and Irving grid . — (1) The 'placing crew consists of 
four men. These men cut the bundle straps and carry the panels from 
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Figure 106. — Method of clipping pierced plank. Spring clip is driven into slot behind 
bayonet hook to lock hook in place and prevent disengagement. 




Figure 107. — Irving grid in process of laying by echelon. End joints in adjacent rows do 

not fall close together. 
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the piles to their approximate position in the runway. As many 
placing crews should be organized as there are men available. The 
maximum number of men should be used to get the mat laid on the 
ground as soon as possible in order to avoid any delay on account of 
bad weather, poor transportation, or other adverse factors. 

(2) The laying crew (fig. 108) consists of four men, two designated 




Figure 108. — Laying and clipping bar-and-rod panels. The crimping crew will follow 

and complete the connections. 




Figure 100. — Partial plan showing method of staggering bar-and-rod panels. 



as end men and two as band men. The two end men hold the panel 
lengthwise with the centerline of the runway and about 18 inches 
above the ground while the two band men move the connector bands 
quickly to positions which allow the panel to be brought against con- 
nectors of the adjacent panel without interference. Panel and joints 
should be staggered so they are about opposite the center of the adja- 
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cent panel (fig. 109). The panel is then placed into exact position 
without sliding it on the ground and dislocating the connector bands 
(fig. 102). The two end men hold the panel firmly against the adja- 
cent panels while the two band men fasten the end connector and one 
side connector at each of the inside corners of the panel. This crew 
should not take time to crimp these bands or fasten the other con- 
nectors of the panel. One laying crew should be provided for each 
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V&(« U0.» Partial plan ilwvlsg typical arrangi—nt of piaroad ploki* 

Arrows indloata direction of laying and direction In which 
bayonet hooks point* xfe indi'oata points where spring clips 
are need* 



Figure 110. — Partial plan showing typical arrangement of pierced planks. Arrows indicate 
direction of laying and direction in which bayonet hooks point. X*s indicate points 
where spring^clips are used. 



row being laid in echelon. Additional rows can be started as soon 
as the preceding crew is two panels ahead. 

(3) The crimping crew should be a normal work unit such as the 
squad. It should consist of enough men to drive the bands into place 
and to crimp them as fast as the mat is laid. If standard crimping 
tools and ball peen hammers are not provided, ordinary hatchets can 
be used to drive the bands into place and to crimp them. Every band 
must be crimped tightly (par. 110). Other men at work should stay 
back and out of the way of the laying crew. 

b. Pierced plank type. — (1) The organization of the company for 
laying the pierced plank runway is outlined below. The platoon or- 
ganization should be used as much as possible. The table below is for 
planks distributed directly from trucks to position for connecting. 
(See figs. 105 and 106.) 



184 

Miz&d by GoOQle 

V f O 



Original from 
UNIVERSITY OF CALIFORNIA 



Digitized: by Google 



Original from 
UNIVERSITY OF CALIFORNIA 



TM 5-255 

108 CORPS OF ENGINEERS 

and connected with the wire loops or the buckles provided. Where 
wire loops are used, the weld of the twisted loop should be placed 
under the mat so that if it is fractured, sharp ends of the wire will 
not form a hazard to tires. Unrolling should be done in a forward 
direction to avoid unnecessary injuries to the men and their clothing. 
Passage of the men over the mat helps to flatten it. The stretching 




Figure 111. — Method of joining Sommerfeld sections. 



crew in the meantime attaches a 2-inch by 6-inch improvised wood 
stretching bar to the far end of the roll and pulls slightly with a truck 
to bring the roll into alinement. Longitudinal bars are then threaded 
into the loops of the transverse rods to link the whole runway 
together (fig. 111). When the bars have been laid along the joint, 
it can be seen which loop a bar should enter for threading. This also 
permits any number of longitudinal bars to be inserted and threaded 
simultaneously. When pushing the bar through the loops by hand 
becomes difficult, a sledge hammer may be used. A short bar with a 
slot in one end may be improvised to hold a loop in vertical position 
for easy threading if desired. To provide for temperature expan- 
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© Loose mat which has been stretched longitudinally only. 

® Applying 7-ton pull to stretcher lmra< 

® Temporary pickets at edge of mat* These will be replaced with permanent stakes at 

2-foot Intervals. 

Figbue 112.- Steps in transverse stretching of Sommerfeld mat* 
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sion, a 14-inch space should be left between ends of the threading 
bars. The fishplates are inserted next. No effort need be made to 
have the end of one roll aline with that of the adjacent row, if length 
of rolls varies. 

(2) The str etching crew should consist of two groups, one for longi- 
tudinal stretching and the other for transverse stretching. Only two 
men and a truck driver are required for each longitudinal stretching 
group. One longitudinal stretching group is required for each pla- 
toon laying crew. The transverse stretching crew should consist of 
at least ten men and two truck drivers. Two transverse stretching 
groups are necesary for a runway. The rows are laid in echelon 
from the center to the edge of the runway, and stretching may begin 
as the edge row is laid. For stretching, it is necessary that the center 
row of the landing mat be staked temporarily at 3-foot intervals. 
The transverse stretching groups stake and stretch the mat with trucks 
and stretcher bars as shown in figure 112. To expedite stretching, 
these groups should work side by side on one edge of the runway. 
After the stretching bar is attached to the edge of the mat, a pull 
of about 7 tons is exerted on it by a winch or tractor at an angle of 
about 85° from the line of the runway. Temporary pickets are 
placed behind the bars to hold the tension, and the process is repeated. 
Permanent pickets are then driven at about 2-foot intervals along 
the edge and the temporary ones removed. It has been found im- 
practicable to try to stretch the whole width of the runway in one 
operation when laid over turf. Pickets should be started at angle, 
and driven so as to tighten the mat as they go down. 

109. Repairs and maintenance. — a. Replacements. — (1) Extra 
units should be kept on hand at all times for quick repairs, especially 
if damage from bombs is anticipated. All steel mats have been 
designed so an individual section can be replaced readily (par. 106). 

(2) The Sommerfeld type individual roll can be taken out by re- 
moving the bars. New rolls are inserted by relieving the tension on 
adjacent rolls and inserting new threading bars. The tension can 
be relieved by applying pinch bars on each side of the gap, care being 
taken that the threading bars are not bent or damaged. If bars or 
rods are bent but not severed, they can be straightened readily by the 
tool provided and a 7-pound hammer. 

b. Inspection. — The mat and runway should have constant mainte- 
nance. Mat walkers should be detailed to observe soil and drainage 
conditions, loose or broken parts, and bent or damaged units, so 
defects can be repaired as quickly as they occur. Neglect of the mat 
may result in serious damage to aircraft using it. 
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c. Rehabilitation. — (1) The operation of laying Sommerfeld mat 
requires tension in both directions which flattens out any kinks caused 
by handling (in rolls) or by use on runways. 

(2) Irving grid and bar-and-rod mats are more rigid. To 
straighten bent panels each must be handled separately. It is turned 
over, laid on firm ground, and pressed back into shape by running 
a truck over it. 

(3) The pierced steel plank of flat metal reinforced by corruga- 
tions is more difficult to restore to shape when bent. The plank is 
designed to deflect within the strength limits of the material, but when 
this is exceeded the corrugations as well as the flat material are de- 
formed. The work of repairing individual damaged sections is 
laborious and is resorted to only when planks are but slightly dam- 
aged. Damaged planks may be cut into 5-foot sections, the good 
pieces being used to fill in at the ends of rows. The other pieces are 
discarded. 

d. Repairing base. — (1) Low soft places which develop should 
be drained or filled. To make a fill, the mat and sod are removed, 
select earth is placed in the depression and tamped, and then the sod 
and panels are replaced. Slight depressions can be improved by 
scattering earth on the panels and raising the area with an improvised 
mat lifting device. 

(2) Where pierced plank has been laid on an inadequate base and 
regular use of the runway makes all-over re-laying impracticable, the 
base can be improved by working on sections during periods between 
flying operations. A joint is disconnected across the width of the 
runway. Men line up along the freed edge, roll up the mat, 'd ex- 
pose the area to be worked on. When the necessary grading and 
stabilizing operations are completed, the mat is unrolled into position, 
the edges are rejoined, and the runway is ready for operation. 

e. Blisters . — The mat will seldom creep or expand sufficiently to 
form blisters. If blisters occur, they usually can be removed by tak- 
ing up the panels and re-laying with slight adjustment to the connec- 
tions (see par. 110). 

f. Re-laying . — Under abnormal conditions of soil, hard usage, ex- 
treme temperature change, and poor initial laying, the mat may need 
to be relaid. Due to the speed with which the mat can be dismantled 
and laid this operation for one runway can be accomplished in about 
3 or 4 days. Pierced plank mat requires slightly more time to re-lay. 

g. Reference . — See chapter 11 for general information regarding 
maintenance. 
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110. Temperature changes. — a. Due to the effect of temperature 
on steel laid over large areas, provisions must be made when laying 
mat for expansion and contraction of the metal. On the light bar- 
and-rod and the heavy bar-and-rod types manufactured with the 
rigid type connector, the panels should be spaced about % inch apart 
both longitudinally and transversely when laid at low temperatures. 
This space can be provided by placing an improvised spacer between 
the connector and the adjacent panel while they are being connected. 
After the spacer is removed enough play remains to absorb expansion. 
New types of light and heavy bar-and-rod mat have a connector that 
automatically takes care of temperature changes and makes a spacer 
unnecessary. 

b. A %-inch space can be provided similarly for the Irving grid. 

o. When pierced plank landing mat is laid at temperatures that may 
rise 50° to 100°, the planks are pulled as far apart as the bayonet 
hooks will allow. The extra width of the connection slots will then 
provide. the necessary leeway for expansion.' Conversely, for high 
temperatures that may fall, the planks should be pushed tight to- 
gether, allowing slack to be drawn up by contraction. 

d. Only the longitudinal connecting bars of the Sommerfeld mat 
need to be spaced when laid at temperatures expected to rise consider- 
ably. No allowance is necessary at temperatures which will remain 
fairly constant. The ends of these bars should be spaced about *4 inch 
apart. 

1 1 1. Camouflage. — a. Both during the construction and the main- 
tenance of airfields using steel runway surfaces, the general prin- 
ciples of camouflage must be strictly adhered to. 

b. By proper use of natural cover in a tactically satisfactory location, 
small units of men, equipment, and minor installations can be effec- 
tively screened from close-in ground or aerial observation. 

c. The difficulty of attaining an effective measure of runway camou- 
flage is to a large degree dependent on the type of surfacing. Due to 
the large area covered by a runway, coloring, toning down, and textur- 
ing are difficult. An open-type landing mat which permits grass to 
grow through, thus concealing itself, affords the highest measure of 
runway camouflage. Of the different types of mat, the types with the 
least metal exposed to view are the easiest to conceal and have the least 
tendency to shade and kill the grass. 

d. By sufficient dispersion of airplanes, intelligent design of facil- 
ities, covering the expanse of area with grass, and the avoidance of all 
signs of abnormal activity, an airfield with open landing mat runways 
can be made extremely inconspicuous. (See fig. 113.) 
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Figure 113. — Air view of Irving grid and soil cement runways showing relative visibility. 
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e. It has been observed that in cool weather the grass within the 
interstices of the grid types of mat grows more rapidly than surround- 
ing grass outside. This is believed to be due to heat reflection from 
the metal. During hot, dry weather the grass within the mat area 
often scorches more than that outside. Either of the above described 
conditions tends to make the rectangular outline of the mat visible 
from the air. Consequently, extra panels should be placed irregularly 
along the edges of the mat proper to break up the outline. 
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112. Selecting type of surface. — Choice of surface for runways, 
taxiways, and parking areas depends upon materials available (natu- 
ral and compiercial), nature of aircraft use to be served (light or 
heavy planes and temporary, intermittent, or continuous operations), 
time and equipment available, and prevailing weather during con- 
struction. Table XXI is a summary of primary factors to be consid- 
ered in making the decision. It is also a summary of the chapter on 
surface courses for quick reference and review. 

113. Surface requirements. — A runway surface course must be — 

a. Supported by an adequate base. 

b. Smooth, true to grade, and waterproof. 

c. Reasonably nonskid. 

d. Free of loose aggregate particles that may be whipped about by 
propeller blast, 

114. Characteristics of surfaces. — There are three general types 
of surfaces besides steel (ch. 9) which may be used for airdrome 
pavements: 
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Table XXI. — > 









, Material 


Type of surface course 


Paragraph 

reference 


Principal uses 


Natural 


Name or 
description 


Special requirements 
(In addition to general 
requirements) 


Stabilized soil surface 


121 


For light airplanes 
and temporary or 


Caliche 


Two or more natural 


Description . — M e- 




Limestone. 


materials are selected, 


chanically stabilized 




emergency use by 


Shell. 


proportioned, and 


using two or more 




heavier airplanes. 


Cinders. 


mixed by mixed-in- 


blended and mixed 






Scoria. 


place method, or by 


natural materials. 
May be built to any 
thickness in layers 3 






Shale. 

Disintegrated 

granite. 


central mixing plant. 
Requirements for 
mixed material are: 


to S inches thick. Rec- 
ommended minimum 
thickness of surface 
course is 4 inches. 

Bituminous dust pal- 
liative. 

Description . — A sim- 


122a 


For light airplanes 


Sand. 

Gravel. 

Selected soil. 

» 

None - 


1. Particle size grada- 
tion must be uniform. 

2. Maximum particle 
size not more than % 
inch. 

3. Gradation should 
conform to grading 
B or C in table XXIV. 

4. Plasticity index of 
fraction passing No. 
40 sieve should be 
between 3 and 6. 

None 




and temporary or 
emergency use by 






ple surface treatment 
to eliminate dust and 
to reduce danger from 
loose particles on sur- 
face. 

Bituminous surface 


1226, c.d 


heavier airplanes. 
This treatment 
eliminates dust 
and reduces dan- 
ger from loose par- 
ticles on surface. 

On fair bases these 


Screened gravel, 


• 

1. Aggregate particles 


treatment (single 




serve light air- 


crushed rock, or 


must be hard and 


or double). 




planes or tempo- 


crushed slag. 


durable. 


Description.— & thin 
surface treatment less 
than 1 inch thick. 




rary use by heavier 
airplanes. On 
good firm bases, 
they serve light 
and medium air- 
craft and moderate 
intensity of use. 




2. Aggregate must be 
free from excess dust. 

3. Particle size should 
range from H inch to 
No. 10 sieve. Grad- 
ings III and IV, table 
XXIII are recom- 
mended. 
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Surface courses 



Material — 
Continued 

Commercial 


Equipment needed 


Effect of weather 
on construction 


Technical control 
required during 
construction 


Remarks 


None. (Water is 


1. Can be mixed-in- 


Required close con- 


1. Control of pro- 


Continuous main- 


needed during 


place with regular 


trol of moisture 


portions. 


tenance is re- 


mixing and 


battalion equip- 


content prevents 


2. Control of mois- 


quired to keep 


compaction.) 


ment. 

2. Faster construc- 
tion with travel- 
ing mixer or with 
central mixing 
plant. 


mixing- in-place 
and compaction 
during wet or 
freezing weather. 


ture during com- 
paction. 

3. Control of com- 
paction by field 
density tests. 

4. Check tests: 

Bearing ratio. 

Gradation. 

Plasticity index. 


surface tight and 
smooth. Surface 
has disadvantage 
of dust and loose 
particles, but this 
can be reduced 
by maintenance 
such as sprink- 
ling or by a dust 
palliative such as 
fuel oil or fluid 
bituminous ma- 
terial. See tables 
XXXVII and 
XXXVIII. 


Fluid fuel oil, or 


Regular battalion 


Not constructed 


Quantity applied is 


Continuous main- 


fluid bitumi- 
nous materials 
may be used. 
See tables 
XXXVII and 
XXXVIII. 


equipment. 


when surface is 
wet, nor when 
temperature is 
below 45° F. 


judged by ability 
of surface to ab- 
sorb it. 


tenance is re- 
quired. 


* 

Cutback asphalt 


Regular battalion 


Not constructed 


1. Control of spread- 


Maintenance de* 


or road tar. See 


equipment plus 


in wet or cold 


ing of bitumen 


pends upon 


tables XXX- 
VII and XXX- 
VIII. 


crushing and/or 
screening plant, 
except when ag- 
gregate is satis- 
factory as found. 


weather. 


and aggregate. 

2. Control of roll- 
ing and sweeping. 


amount and kind 
of aircraft used. 
Facilities for 
maintenance 
should be con- 
tinuously avail- 
able. 
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Table XXI. — Surface 









Material 


Type of surface course 


Paragraph 

reference 


Principal uses 


Natural 


Name or 
description 


Special requirements 
(In addition to general 
requirements) 


Mixed-in-place bitu- 
minous surface. 

Description.— r An in- 
termediate quality 
surface, adapted to a 
variety of aggregates. 
Thickness not less 
than 2 nor more than 
4 inches. 


122*. /- — 


Depending on qual- 
ity of construc- 
tion, these surfaces 
are generally satis- 
factory for light 
and medium air- 
craft and moderate 
intensity of use. 


Screened gravel, 
crushed gravel, 
crushed rock, 
crushed slag, 
coarse sand, dis- 
integrated gran- 
ite. 


1. Particle site should 
range from 1 inch 
down and conform 
to one of the gradings 
in table XXIV exoept 
a macadam type may 
be used as per grading 
II, table XXIII. 

2. Plasticity index of 
fraction passing No. 
40 sieve not greater 
than 6 and preferably 
zero. 


Bitifminous penetra- 
tion macadam. 

Description.— A good 
quality surface, adapt- 
ed to angular aggre- 
gate. Minimum 
thickness 2 H inches. 


1220 


Generally satisfac- 
tory for all but 
heaviest service. 
This surface not 
justified for light 
airplanes or tem- 
porary service. 


Angular crushed 
rock, crushed 
gravel, or crush- 
ed slag. 


1. Particles must be 
hard and durable. 

2. Two sites are re- 
quired: coarse as per 
grading I, and fine as 
per grading IV, table 
XXHL 


Plant-mix bituminous 
surface. 


122ft 


Generally satisfac- 
tory. Hot-laid 


Screened gravel, 
crushed gravel, 


Particle size should 
range from 1 inch 


Description .— C old- 
laid plant mix is a good 
quality surface. H ot- 




plant mix is high- 
est type of bitu- 
minous surface. 


crushed slag, or 
crushed rock 
plus sand and 


down and conform to 
one of gradings in 
table XXIV, prefer- 


laid plant mix is a high 
quality surface. 
Thickness not less 
than 2 nor more than 
4 inches. May be con- 
structed in two 
layers. 




This construction 
not justified for 
light planes or 
temporary serv- 
ice. 


dust. (Portland 
cement or hy- 
drated lime may 
be used for 
dust.) 


ably gradings A 'or B. 


Portland cement con- 
crete. 

Description —A rigid- 
type pavement of high- 
est quality. Built in 
one course not less 
than 6 inches thick. 

% 


123 


1 Generally satisfac- 
tory for heavy 
planes and heavy 
service. This sur- 
face not justified 
for light airplanes 
or temporary serv- 
ice. 


Gravel, crushed 
gravel, crushed 
rock, or crushed 
slag and sand. 


1. Aggregate particles 
must be sound and 

strong. 

2. Aggregate gradation 
must conform to re- 
quirements in table 
XXII. 

3. Maximum size of 
gravel should be 2 
inches. 



General requirement*: 

1 . All flexible-type bituminous surfaces must be supported by an adequate base. The base course im- 
mediately under a bituminous surface must have a bearing ratio not less than 80 percent. 
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courses — Continued 



Material — 
Continued 










Commercial 


Equipment needed 


Effect of weather 
on construction 


Technical control 
required during 
construction 


Remarks 


Cutback asphalt, 
emulsified as- 
phalt, road- tar 
or cutback road 
tar. See tables 
XXXVII and 
XXXVIII. 


1. Regular battal- 
ion equipment. 
In some cases 
crushing ami /or 
screening equq>- 
ment will be 
needed. 

2. Can be mixed-in- 
place with regular 
battalion equip- 
ment. 

3. Faster construc- 
tion with a travel- 
ing mixer. 


Not constructed 
in wet or cold 
weather. 


1. Control of aggre- 
gate quantities and 
gradation. 

2. Field measure- 
ments of Windrows 
and field sieve an- 
alysis of aggregate 
to determine pro- 
portion of bitu- 
men needed. 

3. Control of bitu- 
men spreading. 

4. Control of mixing. 

5. Control of spread- 
ing and compac- 
tion. 


Maintenance de- 
pends upon 
amount and kind 
of aircraft used. 
Facilities for 
maintenanc e 
should be con- 
tinuously avail- 
able. 


Asphalt cement, 
cutback asphalt, 
emulsified as- 
phalt, or road 
tar. See tables 
XXXVII and 
XXXVIII. 


Regular battalion 
equipment plus 
crushing and 
screening plant. 


Not constructed 
in wet or cold 
weather. 


1. Control of spread- 

ing aggregate. 

2. Control of bitu- 
men spreading. 

3. Control of com- 
paction. 


Maintenance fa- 
cilities should be 
continuous ly 
available. 


Asphalt cement, 
cutback asphalt, 
or emulsified as- 
phalt. See tables 
XXXVn and 
XXX VIII. 


Asphalt plant in 
heavy construc- 
tion equipment 
set, plus regular 
battalion equip- 
ment. 


[ Not constructed 
in wet or cold 
weather. 


1. Control of aggre- 
gate gradation. 

2. Control of pro- 
portions. 

3. Control of mixing. 

4. Control of spread- 
ing and compac- 
tion. 


Maintenance facil- 
ities should be 
• available. 


Portland cement, 
or high early 
strength cement. 


Concrete plant in 
heavy construc- 
tion equipment 
set, plus regular 
battalion equip- 
ment. 


Wet and cold 
weather retards 
construe tion . 
Freezing weath- 
er generally 
stops construc- 
tion. 


1. Control of aggre- 
gate gradation and 
quality. 

2. Control of pro- 
portions. 

3. Control of mix- 
ing, placing, fin- 
ishing, and cur- 
ing. 


Maintenance facil- 
ities should be 
available. 



2. All surfaces must be true to line and grade, reasonably smooth and reasonably nonskid. No loose 
particles that may be whipped about by propeller blast should be permitted on a runway surface. 
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a. Mechanically stabilized surface course. — This type is similar to 
stabilized soil base (par. 92). It uses local materials only; commer- 
cial material is not required. It is relatively simple to build with 
regular engineer aviation equipment. Construction is generally sus- 
pended during wet or freezing weather. Continuous maintenance is 
required and amount of maintenance increases with aircraft use. 
Except for temporary or emergency use, it is not suited for fighters 
and bombers. It has the disadvantage of loose fragments and dust, 
although this can be reduced by maintenance (ch. 11) . 

b. Bituminous surface courses. — Most bituminous surfaces can be 
built with regular engineer aviation equipment; however, for some 
types, special equipment not assigned to battalions is needed for fast 
construction. Construction methods are quite flexible, hence several 
grades of bituminous material and a wide variety of local aggregate 
can be used. Bituminous construction lends itself to stage improve- 
ment. Any required thickness up to 4 inches can be built in layers, 
either initially, or later during improvement of the airdrome. 
Greater thickness than 4 inches is not advisable ; thicker base should 
be built instead. Bituminous surfaces are relatively impervious and 
effectively protect base and subgrade from surface water. Amount 
of maintenance required depends upon thickness of surface course, 
quality of construction, and amount of aircraft use. Surface treat- 
ments are primarily for light aircraft or for temporary use by heavier 
airplanes. Surfaces 2 to 4 inches thick are suitable for general use. 
For thicknesses greater than 2 inches there is considerable variation 
in speed of construction depending on quality. High quality surfaces 
such as asphaltic concrete are very serviceable. Prolonged wet 
weather and temperatures below 45° F. generally require suspension 
of construction operations. 

c. Concrete. — Concrete slabs are highly serviceable and require 
little maintenance. They are constructed in one course or layer not 
less than 6 inches thick. Good quality aggregate is required. Special 
equipment not issued to battalions is needed. Construction is rela- 
tively slow. Protection from freezing is necessary during setting and 
early hardening. 

115. Terminology and description of materials used. — a. 

Aggregates. — The following terms are used to describe mineral aggre- 
gates for surface course construction : 

(1) Macadam aggregate. — This is a term describing crushed stone, 
crushed slag, or crushed gravel which is screened to a uniformly 
coarse size. When such aggregate is compacted, the void spaces 
between particles are relatively large. 
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(2) Graded aggregate. — This term describes a mineral aggregate 
in which there is a continuous grading in the sizes of mineral frag- 
ments from coarse to fine, the coarser sizes being many times larger 
than the finer sizes. 

(3) Coarse and -fine aggregate. — The term “coarse” is applied to a 
graded mineral aggregate in which the particles are larger than 
^4-inch diameter. A No. 3 sieve ‘(14 -inch) is often used to separate 
coarse and fine aggregate. 

(4) Dense and open graded aggregate. — The term “dense” is 
applied to a graded aggregate which contains sufficient dust or mineral 
filler (generally more than 5 percent passing No. 200 sieve) to reduce 
all voids in the compacted aggregate to exceedingly small size It 
may be either coarse or fine graded. The term “open” applies to a 
graded aggregate containing little or no dust (generally less than 
5 percent passing the No. 200 sieve). 

b. Bituminous materials (see app. IV for specific data). — The 
principal bituminous materials for surfacing airdrome runways are 
asphalt and tar products. Asphalt (designated AC meaning asphalt 
cement) is derived from petroleum or from natural asphalt deposits. 
Tar (designated RT meaning road tar) is derived from coal. Both 
asphalt and tar are called bitumen. Each of these materials is avail- 
able in several grades or forms convenient for construction. 

(1) Methods of making fluid. — Asphalt and tar at ordinary tem- 
peratures are too hard (viscous) to mix or spray. For construction 
operations they must be made temporarily fluid, and subsequent to con- 
struction they must again resume their original stable conditions. 
There are three methods of making bituminous materials temporarily 
fluid : 

(a) By heating. — If not overheated, they return to original form 
upon cooling. 

(b) By blending or thinning with appropriate solvents. — During 
and after construction operations the solvent evaporates, leaving the 
original bituminous material. 

1. Asphalts' are blended (cut-back) with petroleum distillates. 
When naphtha is used as solvent the products are 
called rapid-curing (RC) cut-back asphalts. There 
are six grades of RC cut-backs; RC-0, RC-1, RC-2, 
RC-3, RC-4, RC-5. The only difference between them is 
the proportion of solvent and asphalt in each. RC-0 has 
most solvent and is fluid at ordinary temperatures. 
RC-5 has least solvent and is only semifluid at ordinary 
temperatures, therefore some heating is also required to 
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render it sufficiently fluid for construction operations. 
When kerosene is used as a solvent the asphaltic products 
are called medium curing (MC) cut-back asphalts. 
There are six grades of MC cut -backs : MC-0, MC-1, MC- 
2, MC-3, MC-4, MC-5. Their uses and characteristics 
are similar to the RC cut-backs except that the solvent 
evaporates more slowly than naphtha. There is a third 
series of asphaltic products known as slow-curing (SC) 
materials, but these are not contemplated for use in field 
airdrome work unless they are more conveniently avail- 
able than RCs or MCs. When SCs are used the pro- 
cedure and quantities employed are smiliar to those for 
MCs. 

2. Tars are blended or thinned (cut-back) with solvents dis- 
tilled from coal to produce a series of cut -back* road tars 
designated RTCB. 

Caution: To avoid fires and explosions, all cut-backs must be 
handled with extreme care when being heated. Open flames, lanterns, 
sparks or fire of any kind must not be allowed near the domes of tank 
cars or near manholes or other openings in the top of distributors or 
storage tanks because of the danger of explosion of accumulated solvent 
vapors. Asphalt and tar should not be mixed. 

(c) By emulsification. — Bituminous materials ordinarily do not 
mix with water, but by the addition of a small amount of chemical 
(emulsifying agent) it is possible to effect a temporary mixture of 
approximately equal parts of water and asphalt in the form of an 
emulsion. Emulsified asphalts are very fluid at ordinary temperatures. 
They can be readily sprayed and mixed with aggregate. After spray- 
ing or mixing the water and asphalt separate (the emulsion breaks) 
and the water evaporates leaving the asphalt. Asphalt emulsions 
(designated AE) are available in three grades : 

1. Rapid setting: RS-1. 

2. Medium setting: MS-1, MS-2, MS-3. 

3. Slow setting : SS-1, SS-2. 

Caution: Because asphalt emulsions contain nearly as much water 
as asphalt, it is generally necessary in making a mixture to use about 
40 percent more emulsion than if asphalt is used in any other form. 
Freezing damages asphalt emulsions. 

(2) Manufacture. — Figure 114 illustrates the general plan of man- 
ufacture of asphaltic products from crude petroleum. 

(3) Shipping. — Bituminous material is shipped in various ways. 
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Barrels may be used for hard asphalt cement. Steel drums of 55-gal - 
lon capacity may be used for any bituminous material. Except for 
emulsions "and very fluid products, heating is necessary to empty the 
drums. The 1,500-gallon trailer with steam coils is provided for this 
purpose. Bituminous materials may also be shipped in bulk by tanker, 
barge, railroad tank car, or tank truck. For short hauls the tanks 
may be insulated to keep the material hot and fluid for pumping. If 
not unloaded before cooling, the tank must be equipped with steam 
coils for reheating at the unloading point. 

c . Cement. — Standard Portland cement is used for concrete con- 
struction. It is generally delivered in cloth or paper bags ready for 
use. Each bag contains 94 pounds of cement and has 1 cubic foot 
loose volume. A barrel of cement contains four bags and weighs 376 
pounds. High early strength cement is similar to standard portland 
cement except that it hardens and develops strength much faster. 

Caution: Cements must be kept dry until used. 

d. Concrete admixtures. — Calcium chloride is sometimes used with 
standard portland cement and occasionally with high early strength 
cement to accelerate the rate of setting and hardening of concrete 
during curing. When so used it is called an admixture. 

116. Terms relating to bituminous construction. — a. Pene- 
tration construction. — This is a general method of construction in 
which bituminous material is combined with aggregate by spraying 
the bituminous material onto compacted aggregate where it flows 
around the particles and penetrates into the voids between particles 
of aggregate. 

b. Mixed-in-place construction. — Thi s describes a process of mix- 
ing bituminous material into mineral aggregate in place on the run- 
way. It may be done by two methods : 

(1) Using a distributor to spread the bituminous material over 
the aggregate at a predetermined rate and mixing on the runway by 
a combination of harrow, cultivator, grader, and rotary tiller. 

(2) Using a traveling mixer which picks up the aggregate from 
the runway, adds bituminous material and mixes the two in one con- 
tinuous operation. 

c. Plant-mix construction. — This refers to the mixing of bituminous 
material and aggregate in a plant set up at some convenient or central 
location. Finished mix is transported to and spread upon the run- 
way. Mixing plants consist of portable units which may be assem- 
bled in several combinations. After the plant is set up it is often 
called a stationary plant or central plant to distinguish it from a 
traveling mixer. 
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Figubb 114. — General make-up of petroleum asphalt produce 
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d. Gold-laid mixtures . — These are mixes which may be spread and 
compacted at normal atmospheric temperatures. Some cold-laid mix- 
tures may be prepared in a heated condition, but they need not be 
compacted while hot. 

e. Hot-laid mixtures. — These are plant mixes which must be spread 
and compacted while in a heated condition. 

/. Prime coat. — This refers to an initial application of fluid bitu- 
minous material to any base course, either as a dust palliative (dust 
layer), or preparatory to the construction of any type of bituminous 
surface course. The objects of priming are to penetrate the base so 
as to plug voids, to coat and bind dust and loose mineral particles, 
and to promote adhesion between the base and surface courses. 

g. Bituminous surface treatments. — These are simple bituminous 
surface courses usually less than 1 inch thick. Ordinary construction 
procedure is to spread bitumen by spraying from a distributor and 
cover with a spread of mineral aggregate. 

h. Seal coat. — This is a bituminous surface treatment applied as a 
finish to any bituminous surface course, primarily for the purpose 
of hardening and waterproofing or sealing the surface. Aggregate 
cover is often added to the seal coat to improve skid resistance and 
to improve color and light reflection. The seal coat may also be used 
as the adhesive for various texturing materials for camouflage (see 
ch. 14). 

117. Aggregate requirements. — a. Concrete construction. — 
Coarse and fine aggregate for concrete construction must be com- 
posed of sound, durable, clean, uncoated particles. The fine aggregate 
(sand) must contain not more than 3 percent by weight of silt and 
clay and it must be free of organic matter. Dirty sand that is other- 
wise satisfactory may be cleaned by washing. Field tests for cleanli- 
ness and organic matter are given in paragraph 50, appendix III. 
Recommended grading requirements are given in table XXII. 

b. Bituminous construction. — (1) Surface treatment and penetra- 
tion macadam. — Table XXIII shows satisfactory aggregate grada- 
tions and typical uses in bituminous construction. To resist surface 
wear, all aggregate must be composed of sound, durable particles. 

(2) Mixed-in-place and plant-mix. — Table XXIV and figure 115 
show five aggregate gradations that have stable characteristics. The 
five grading bands in table XXIV and figure 115 overlap, thus per- 
mitting selection of a proper aggregate from a wide range, running 
from generally coarse to generally fine. The only restriction that 
should be applied in the use of aggregate falling within any one 
of the bands shown is that at least 10 percent of the total aggregate 
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pass the No. 4 sieve and be retained on the No. 10 sieve. The amount 
of bitumen required for any of the mixes shown in table XXIV may 
be estimated from curves in paragraph 118. 

118. Proportions of aggregate and bitumen in mixtures. — a. 
General . — Satisfactory bitumitious mixtures of any type can be ob- 
tained only through proper proportioning of the bitumen to the 
available aggregate. Some analysis of the aggregate must be made 
before the proper amount of bituminous material suitable for that 
particular aggregate can be determined. Under military conditions, 
analysis of an aggregate is often made by very hasty methods or by 
inspection only. However, the more complete the analysis the more 
precise' the bituminous determination, and the better the final mixture 
is likely to be. The following “rules of thumb” are helpful: 



Table XXII. — Grading requirements for concrete aggregates 



Coarse aggregate 


Fine aggregate 


Sieve designation 


Percent 

passing 


Sieve designation 


Percent 

passing 


Maximum size 1 


97-100 


No. 4 


95-100 


One-half maximum size 


40-70 


No. 10 


55-85 


No. 4_ 


0-6 


No. 40 


15-40 






No. 100_ 


2-7 



> Maximum size is generally 2 inches for concrete paving. 
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Table XXIII.— Aggregate gradations and use in bituminous surface course 

construction 



Aggregate designation 



Standard sieves 


1 1 


II 2 


III 3 


IV 4 


V 4 


VI 4 


4-inch . _ 














334-inch. . _ __ __ __ 














234-inch - 


100 












2-inch _ 


90-100 












1}4- inch. _ _ . 


35-70 


100 










1-inch _ _____ 


0-15 


90-100 


100 








%-inch_ _ _ 




40-75 


90-100 


100 






34-inch. 


0-5 


15-35 




90-100 


100 




%-inch_ 




0-15 


30-65 


40-75 


85-100 


100 


No. 4 




0-5 


5-25 


5-25 


10-30 


85-100 


No. 10 






0-5 


0-5 


0-10 


10-40 


No. 20 












0-3 

















USES 

1 Coarse aggregate for penetration macadam surface course. Particles must be angular. 

* Mixed-in-place, macadam aggregate type. Particles must be angular. 

1 Bituminous surface treatment. Particles may be either angular or rounded, angular preferred. 

4 Fine aggregate or screenings for penetration macadam. Particles must be angular. 

Bituminous surface treatment. Particles may be either angular or rounded, angular preferred. 

Mineral cover for seal coats. Grading VI is preferred for airdromes. Particles may be either angular or 

rounded. 




Figure 115.— Graph of aggregate gradations shown in table XXIV. 
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Table XXIV. — Typical aggregate gradings for mixed-in-place or plant-mix bitu- 
minous surface courses 



Percentage by weight 



Size of sieve passing 



Aggregate designation 





A 


B 


c 


D 


£ 


l-inch 


100 


100 


100 


100 


100 


%-inch _ 


75-100 


75-100 


85-100 


85-100 


85-100 


No. 4 


35-55 


40-60 


45-65 


50-70 


60-95 


No. 10 


25-45 


30-50 


30-50 


35-55 


45-80 


No. 200 


2-7 


3-8 


5-10 


5-12 


5-15 



Material passing No. 40 sieve must not have a plasticity index greater than 6 and preferably 0 (see app. 
III). 



(1) Percentage of bitumen for aggregate gradations shown in table 
XXIV ordinarily varies between 3.5 and 7.0 percent. 

(2) Quantity of bitumen per square yard per inch of compacted 
thickness for surface course mixtures is about 0.5 gallon. 

(3) Quantity of bitumen per linear foot of windrow per square foot 
of windrow cross section is about 0.5 gallon. 

6. Aggregate-bitumen relationship . — Amount of bitumen required 
by an aggregate depends upon the surface area of the particle com- 
posing the aggregate. There should be enough bitumen in a mix to 
coat each particle of aggregate with a thin film of bitumen. Know- 
ing the sieve analysis of an aggregate it is possible to compute its 
surface area and thus determine the amount of bitumen necessary to 
coat the particles. The character of the surface of aggregate particles 
also has an influence on the amount of bitumen required. Two aggre- 
gates with the same sieve analysis, one composed principally of smooth 
gravel and sand, and the other composed principally of rough crushed 
rock particles, will require different amounts of bitumen, the latter 
aggregate demanding the greater amount. 

c. Bitumen determination curves . — The series of curves shown in 
figure 116 presents a method of bitumen determination that is ade- 
quate for military conditions. A set of sieves and a weight scale are 
required in connection with field use of the curves. Figure 116 per- 
mits the assignment of a factor to compensate for type of surface of 
aggregate particles between very rough and very smooth ; R, A, and S 
curves are used respectively for rough, average, and smooth surfaced 
aggregate particles. In general the A curve is used, but the R curve 
might apply to such material as soft crushed limestone, and the S 
curve to hard, smooth, well rounded pebbles. 
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CHART APPLIES TO MIXED - IN -PLACE AND PLANT-MIX 
BITUMINOUS CONSTRUCTION » J.TDOES NOT APPLY ID 
BITUMINOUS PENETRATION MACAO AM CONSTRUCTION 

Fxgubb 11C. — Chart to determine amount of bituminous material required by mineral 
aggregate based on surface area of aggregate. 
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d. Surface area determination . — The first requirement in the use 
of figure 116 is the determination of the total surface area in square 
feet contained in 1 pound of a given aggregate. This is obtained 
from a sieve analysis (par.. 40, app. Ill) of a representative sample 
of the aggregate. The amount of each size of aggregate is expressed 
as a percentage of the total sample. Multiply the weight percentage 
of each size by the surface area constant for that size from table XXV - . 
Add the results and the total is the surface area of the entire sample in 
square feet per pound. 

e. Bitumen determination example by figure 116 . — This example as- 
sumes an average pit run gravel and sand aggregate. Constants from 
table XXV are applied to the sieve analysis to determine surface area 
as follows: 



Determination of surface area 



Sieve analysis 


8orface area 
constant 


Surface area 


50% passing inch and retained on No. 10 


0. 50 x 4 


2. 00 


35% passing No. 10 and retained on No. 40_ 


0. 35 X 18 


6. 30 


12% passing No. 40 and retained on No. 200 


0. 12 X 80 


9.60 


3% passing No. 200 _ 


0. 03 X 250 


7. 50 


Total . 


100% 


25.40 sq. ft. 




per lb. 



Table XXV . — Surface area by sieve analysis 



Sieve passing 


Sieve retained 
on 


Surface area 
constant— C 


Sieve passing 


Sieve retained 
on 


Surface area 
Constant— C 




% inch 


3 


No. 40 


No. 200- _ 


80 


% inch _ 


No. 10— 


4 


No. 200 




250 


No. 10 


No. 40. 


18 









From the foregoing it is found that the surface area of the aggregate 
in this case is 25.40 square feet per pound of aggregate (see fig. 116). 
Along the bottom of the figure on the line “surface area” locate 25.4 
and follow the 25.4 line upward to its intersection with curve A, which 
curve represents an aggregate of average roughness. From the point 
where the 25.4 line intersects curve A go horizontally to the left-hand 
margin of the chart to the line “percentage of aggregate weight” and 
there read the percentage found. In this case it is 3.9 percent, repre- 
senting the amount of bituminous material that should be added to a 
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given weight of aggregate. For example, in this case 3.9 pounds of 
bitumen would be added to 100 pounds of aggregate giving 103.9 
pounds of mixture. (If emulsified asphalt is used, this quantity must 
be increased 40 percent to allow for the water in the emulsion, that is, 
3.9X1.40=5.5 percent.) 

/. Field adjustments. — The calculated percentage of bituminous 
material will serve as a guide at the start of construction, but field ad- 
justments will be required to secure best results. The calculated per- 
centage of bitumen must not be followed blindly. Change in 
proportion of added bituminous material will be required whenever 
the gradation of aggregate changes for the reason that a change in 
gradation means a change in surface area. 

119. Technical control. — Technical control and laboratory as- 
sistance during surface course construction are vital to good results. 
Technical advice is especially required in proportioning bituminous 
mixtures and in making necessary adjustments of proportions during 
the progress of construction. 

120. Operations in bituminous surface course construc- 
tion. — a. Base 'preparation . — (1) Soft areas. — Repair of soft, spongy 
areas must be complete. If a bituminous surface course is constructed 
over a faulty base, the failure will quickly come through the surface. 
If the weakness is due to faulty subgrade under the base, or if it is due 
to seepage under the subgrade, repairs must correct the faulty con- 
dition by removing the area of base affected, providing any special 
drainage required, and then removing and replacing as much of the 
subgrade as necessary. Under no circumstances should a layer or 
covering of plastic or cohesive soil be permitted on top of a base course 
that is to be covered with a bituminous surface course. Such layers 
always result in a failure of the surface course. 

(2) Tightly bonded bases. — Soft spots and holes or depressions in 
the base course are repaired. All loose and defective material is re- 
moved, replaced, and compacted with high quality granular base mate- 
rial or with bituminous premix patching material (par. 126/) . After 
all base repairs are made, the entire area to be covered with a bitumi- 
nous surface course is cleaned by rotary sweeper to remove dust, dirt, 
and all loose foreign material preparatory to applying bituminous 
primer. 

(3) Loosely bonded bases. — Before priming loosely bound bases they 
are lightly bladed to correct grade, sprinkled with water as needed, 
and rolled. 

b. Applying bituminous material by distributor (fig. 117). — (1) 
Equipment and temperature control. — (a) The principal method of 



Original from 
VERSITY OF CALIFORNIA 



497447 ° 42 - 



14 



ive cuts with the blade. Several graders operate one behind the 
other on each windrow. If the mixture becomes wet, mixing continues 
until it has dried. Moisture content should not exceed 2 percent by 
weight of aggregate except for emulsion mixes. After mixing is com- 
plete the material is again bladed into a windrow preparatory to 
spreading. In the event of rain, less water is absorbed by material in 
a windrow than is spread out. The completed mix should have all 
particles coated and should be uniform in color. A desirable, mix 
should "creep" when disturbed. A simple field test is to disturb the 
windrow slope with the foot and observe the action. If ,it flows readily 
the mix is too dry. If it stands vertically it is too rich. If it flows 
or "creeps" it is about right. A handful squeezed in the palm of the 
hand will compact and remain in that shape when the hand is opened. 
A handful rubbed on the palm will leave a brownish stain only when 
rubbed under pressure. 

(2) The traveling mixer (fig. 119) may be used for this work. It 
progressively mixes each windrow by scooping it up in its forward 
travel, adding and mixing bitumen, and depositing a mixed windrow 
or a spread mixture behind it. Cross sectional area of windrows is 
generally 7 to 10 square feet. Within this range the size of each win- 
drow should be constant throughout its length. If size of windrow is 
not uniform the amount of bitumen added must be adjusted during 
travel to keep the proportions of aggregate and bitumen constant. 

e. Plant-mixing. — (1) A centrally located plant is necessary for 
preparing all hot-laid mixtures. A central plant is also especially 
adapted to situations where all aggregate for the surface course is to 
be imported. The mixing plant may be set up at the aggregate pit 
and the completed mixture trucked to the runway. Truck bodies may 
be given a thin coating of oil to prevent sticking of mixture and to 
facilitate dumping. 
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(2) Mixing plants are of two general types: the continuous aggre- 
gate feed type i^imilar to the traveling mixer and the batch type. In 
military oi)erations the continuous feed type is generally used. For 
detailed information on batch-type plants reference is made to 
standard texts in tlie unit library. 

(3) Properly graded aggregate must be fed to the plant. If the 
gradation cannot be kept reas<mably constant, the proportion of bitu- 
men added must be adjusted with changes in gradation, 

(4) Hot mixing using cut-back asphalt or tar requires extreme care 
to avoid fires and explosions. Only tanks with closed steam coils 
should be employed for heating. 



F[(H KK l^O.—Spreadinj^ and linisliing miicliine iayiii^ hituiniiious surface eoursG. Mixture 



(5) Aggregate must not be overheated. The usual range of tem- 
perature is 225"^ to 850° F, as the aggregate leaves the drier. Wet 
aggregate is automatically dried when it is heated ; but if wet aggregate 
is to be mixed cold it must be cooled after drying, 

/. 8 f reading mixtures, — (1) Hot -laid mixtures, — If a spreading 
and finishing machine (fig. 120) is used, the hot mix is dumped from 
the truck directly into the spreader. Otherwise the hot mix is roughly 
spread by end dumping from the truck and finished by hand shoveling 
and raking. An improvised drag constructed of timber may also be 
used. 

(2) Gold-laid mixtures. — Cold-laid mixture may be spread and 
finished by a spreading and finishing machine, or spread from wind- 




prupiiml ut central plant and delivered by truck. 
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rows by grader. Spreading from a windrow is done in increments 
to obtain a surface of correct, uniform thickness. A highly skilled 
grader operator is required for good results. 

g. Compaction. — Rolling proceeds in a longitudinal direction, be- 
ginning at the outer edges of each strip and working toward the cen- 
ter, each trip overlapping the prior trip by about one-half the width 
of the rear roll. If the mixture tends to stick to roller wheels, they 
are moistened with water or light oil. 

(1) Compacting surface treatments and seal coats. — Immediately 
after spreading mineral aggregate cover the surface is smoothed by 
grader, sweeper, or drag to distribute material uniformly. The layer 
is then rolled with the 10-ton three-wheel or two-axle tandem roller. 
Overrolling or use of too heavy a roller may cause excessive crushing 
of aggregate, which is to be avoided. The rubber-tired roller is also 
effective for this work. Successive rolling and sweeping proceeds 
rapidly, care being taken not to disturb particles already bound in 
place. After a few days all loose aggregate is finally swept into piles 
and removed from the runway into stockpiles. 

(2) Compacting cold-laid mixture. — {a) Macadam aggregate. — 
Three-wheel 10-ton rollers are used to compact macadam aggregate 
mixtures. 

( & ) Graded aggregate. — Initial rolling is done with the rubber-tired 
roller (fig. 121) and finish rolling is done with the two-axle tandem 
roller. Intermittent rolling over several days or several weeks if 
weather permits may be necessary to get the required density and 
stability in the surface course. 

(3) Compacting hot-laid mixtures. — These must be compacted 
while they are hot. Initial rolling is done with the 10-ton, three- 
wheel roller. Final rolling consists of longitudinal, diagonal, and 
cross-rolling with a two-axle tandem roller or longitudinal rolling 
with the three-axle tandem roller. 

h. Joints. — Longitudinal and transverse joints require special atten- 
tion to insure a good junction. In hot-laid construction the old work 
is hand trimmed before new work is started. Hand work is necessary 
to patch and seal these joints where they are imperfect. 
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Figure 121."Initial compaction of mixed-iii-place surface with rubber-tired roller. 

Section II 

DETAILED CONSTRUCTION PROCEDURES 

Paragraph 

Stabilized soil surface course 121 

Bituminous surface courses . — 122 

Concrete slabs - - ^ 123 

121, Stabilized soil surface course. — a. Descriptton. — This is a 
mechanically stabilized type of surface course using a mixture of 
selected local materials. It may be constructed to any thickness in 
layers 3 to 6 inches thick. Recommended minimum thickness for this 
surface course is 4 inches. 

&. Materials and construction procedure. — Materials requirements 
are the same as given in paragraph 92i, except that only gradings B 
and C, table XIII, are used and the plasticity index of the fraction 
passing No. 40 should be not less than 3 nor more than 6. Construc- 
tion methods are the same as for stabilized soil base course (par, 92), 
Calcium chloride is not used as a stabilizer in this type of surf ace on 
airdromes because of possible corrosion of airplanes. 
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122. Bituminous surface courses. — a. Prime coat arid dust pal- 
liative (par, 116/). — Every base should be primed and cured before a 
bituminous surface course is constructed upon it. See paragraph 
1206(3) for construction procedure. See tables XXXVII and 
XXXVin for selection of appropriate bituminous material. 

6. Bitwminous surface treatment on tightly hotmd base. — (1) Pro- 
cedure. — Steps in this treatment are as follows: 

(a) Base preparation (see par. 120a). 

(&) Prime coat (see a above). 

(c) Upon the cured prime coat apply RC-3 at 0.25 to 0.40 gallon 
per square yard (see par. 120&). 

(d) Cover immediately with aggregate No. IV, table XXIII, at 

25 to 40 pounds per square yard (see par. 120c). 

(e) Soiling and finishing (see par. 120^). 
(/) Seal coat (see d below). 

(2) Alternates and variations.— Oiher bituminous materials may 
be substituted for RC-^ (see tables XXXVII and XXXVIII). 
When heavier surface treatments are desired, aggregate No. Ill, table 
XXni, may be used or steps 3, 4, and 5 of the above treatment may 
be repeated before doing step 6. This gives a double surface 
treatment. 

c. Bituminous sfwrface treatment on loosely hound hose. — (1) Pro- 
cedure. — Steps in this treatment are as follows : 

{a) Base preparation (see par. 120a). 

(6) As a primer and binder apply MC-2 at 0.5 to 0.8 gallon per 
square yard (see par. 1206(3)). For alternate materials see tables 
XXXVII and XXXVIII. 

{c) Cover immediately with aggregate No. IV, table XXIII, at 

26 to 40 pounds per square yard (see par. 120e?) . 

{d) Apply MC-2 at 0.25 to 0.40 gallon per square yard as above, 
(e) Lightly blade or drag the surface until all aggregate particles 
are thoroughly coated. 

(/) Rolling and finishing (see par. 120^^). 
(^) Seal coat (see 6? below). 

(2) Alternates and variations. — ^Where sufficient suitable loose 
aggregate exists on the runway it may be bladed into windrows then 
bladed onto the first application of bitumen in place of new aggregate. 
For other bituminous materials which may be used see tables XXXVII 
and XXXVIII. 

d. Seal coat. — (1) Procedure. — Steps in this treatment are as 
follows : 

(a) Clean the surface to be sealed with the rotary sweeper. 
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(b) Apply RC~2 at 0.15 or 0.25 gallon per square yard (see par. 
1206). 

(c) If a mineral cover is required on the seal coat, aggregate No. 
VI (or No. V), table XXIII, is immediately spread at 15 to 25 pounds 
per square yard. Other coveraction. If.it flows readily 
the mix is too dry. If it stands vertically it is too rich. If it flows 
or “creeps” it is about right. A handful squeezed in the palm of the 
hand will compact and remain in that shape when the hand is opened. 
A handful rubbed on the palm will leave a brownish stain only when 
rubbed under pressure. 

(2) The traveling mixer (fig. 119) may be used for this work. It 
progressively mixes each windrow by scooping it up in its forward 
travel, adding and mixing bitumen, and depositing a mixed windrow 
or a spread mixture behind it. Cross sectional area of windrows is 
generally 7 to 10 square feet. Within this range the size of each win- 
drow should be constant throughout its length. If size of windrow is 
not uniform the amount of bitumen added must be adjusted during 
travel to keep the proportions of aggregate and bitumen constant. 

e. Plant-mixing. — (1) A centrally located plant is necessary for 
preparing all hot-laid mixtures. A central plant is also especially 
adapted to situations where all aggregate for the surface course is to 
be imported. The mixing plant may be set up at the aggregate pit 
and the completed mixture trucked to the runway. Truck bodies may 
be given a thin coating of oil to prevent sticking of mixture and to 
facilitate dumping. 
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Figure 119. — Windrow of aggregate in place on runway being mixed with bitumen by traveling mixer. 
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(2) Mixing plants are of two general types: the continuous aggre- 
gate feed type similar to the traveling mixer and the batch type. In 
military operations the continuous feed type is generally used. For 
detailed information on batch-type plants reference is made to 
standard texts in the unit library. 

(3) Properly graded aggregate must be fed to the plant. If the 
gradation cannot be kept reasonably constant, the proportion of bitu- 
men added must be adjusted with changes in gradation. 

(4) Hot mixing using cut-back asphalt or tar requires extreme care 
to avoid fires and explosions. Only tanks with closed steam coils 
should be employed for heating. 



Fuji’ kk 120. — Spreading and finishing machine laying bituminous surface course. Mixture 
prepared at central plant and delivered by truck. 

(5) Aggregate must not be overheated. The usual range of tem- 
perature is 225° to 350° F. as the aggregate leaves the drier. Wet 
aggregate is automatically dried when it is heated ; but if wet aggregate 
is to be mixed cold it must be cooled after drying. 

f. Sheading mixtures . — (1) Hot-laid mixtures . — If a spreading 
and finishing machine (fig. 120) is used, the hot mix is dumped from 
the truck directly into the spreader. Otherwise the hot mix is roughly 
spread by end dumping from the truck and finished by hand shoveling 
and raking. An improvised drag constructed of timber may also be 
used. 

(2) Gold-laid mixtures. — Cold-laid mixture may be spread and 
finished by a spreading and finishing machine, or spread from wind- 
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rows by grader. Spreading from a windrow is done in increments 
to obtain a surface of correct, uniform thickness. A highly skilled 
grader operator is required for good results. 

g. Compaction . — Rolling proceeds in a longitudinal direction, be- 
ginning at the outer edges of each strip and working toward the cen- 
ter, each trip overlapping the prior trip by about one-half the width 
of the rear roll. If the mixture tends to stick to roller wheels, they 
are moistened with water or light oil. 

(1) Compacting surface treatments and seal coats. — Immediately 
after spreading mineral aggregate cover the surface is smoothed by 
grader, sweeper, or drag to distribute material uniformly. The layer 
is then rolled with the 10-ton three-wheel or two-axle tandem roller. 
Overrolling or use of too heavy a roller may cause excessive crushing 
of aggregate, which is to be avoided. The rubber-tired roller is also 
effective for this work. Successive rolling and sweeping proceeds 
rapidly, care being taken not to disturb particles already bound in 
place. After a few days all loose aggregate is finally swept into piles 
and removed from the runway into stockpiles. 

(2) Compacting cold-laid mixture. — (a) Macadam aggregate . — 
Three-wheel 10-ton rollers are used to compact macadam aggregate 
mixtures. 

( b ) Graded aggregate. — Initial rolling is done with the rubber-tired 
roller (fig. 121) and finish rolling is done with the two-axle tandem 
roller. Intermittent rolling over several days or several weeks if 
weather permits may be necessary to get the required density and 
stability in the surface course. 

(3) Compacting hot-laid mixtures. — These must be compacted 
while they are hot. Initial rolling is done with the 10-ton, three- 
wheel roller. Final rolling consists of longitudinal, diagonal, and 
cross-rolling with a two-axle tandem roller or longitudinal rolling 
with the three-axle tandem roller. 

h. Joints. — Longitudinal and transverse joints require special atten- 
tion to insure a good junction. In hot-laid construction the old work 
is hand trimmed before new work is started. Hand work is necessary 
to patch and seal these joints where they are imperfect. 
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Figure 121. — Initial compaction of mixed-in-place surface with rubber-tired roller. 



Section II 

DETAILED CONSTRUCTION PROCEDURES 

Paragraph 



Stabilized soil surface course 121 

Bituminous surface courses 122 

Concrete slabs 123 



121. Stabilized soil surface course. — a. Description . — This is a 
mechanically stabilized type of surface course using a mixture of 
selected local materials. It may be constructed to any thickness in 
layers 3 to 6 inches thick. Recommended minimum thickness for this 
surface course is 4 inches. 

b. Materials and construction procedure . — Materials requirements 
are the same as given in paragraph 92 b, except that only gradings B 
and C, table XIII, are used and the plasticity index of the fraction 
passing No. 40 should be not less than 3 nor more than 6. Construc- 
tion methods are the same as for stabilized soil base course (par. 92). 
Calcium chloride is not used as a stabilizer in this type of surface on 
airdromes because of possible corrosion of airplanes. 
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122. Bituminous surface courses. — a. Prime coat and dust 'pal- 
liative (par. 116/). — Every base should be primed and cured before a 
bituminous surface course is constructed upon it. See paragraph 
1206(3) for construction procedure. See tables XXXVII and 
xxxvm for selection of appropriate bituminous material. 

6. Bituminous surface treatment on tightly bound base . — (1) Pro- 
cedure. — Steps in this treatment are as follows : 

(а) Base preparation (see par. 120a). 

(б) Prime coat (see a above). 

(c) Upon the cured prime coat apply RC-3 at 0.25 to 0.40 gallon 
per square yard (see par. 1206). 

(d) Cover immediately with aggregate No. IV, table XXIII, at 
25 to 40 pounds per square yard (see par. 120c). 

(e) Bolling and finishing (see par. 120^). 

(/) Seal coat (see d below). 

(2) Alternates and variations.— -Other bituminous materials may 
be substituted for RC-3 (see tables XXXVII and XXXVIII). 
When heavier surface treatments are desired, aggregate No. Ill, table 
XXIII, may be used or steps 3, 4, and 5 of the above treatment may 
be repeated before doing step 6. This gives a double surface 
treatment. 

c. Bituminous surface treatment on loosely bound base . — (1) Pro- 
cedure. — Steps in this treatment are as follows : 

(а) Base preparation (see par. 120a). 

(б) As a primer and binder apply MC-2 at 0.5 to 0.8 gallon per 
square yard (see par. 1206(3)). For alternate materials see tables 
XXXVII and XXXVIII. 

(c) Cover immediately with aggregate No. IV, table XXIII, at 
25 to 40 pounds per square yard (see par. 120c) . 

(< d ) Apply MC-2 at 0.25 to 0.40 gallon per square yard as above. 

(e) Lightly blade or drag the surface until all aggregate particles 
are thoroughly coated. 

(/) Rolling and finishing (see par. 120^). 

{g) Seal coat (see d below). 

(2) Alternates and variations . — Where sufficient suitable loose 
aggregate exists on the runway it may be bladed into windrows then 
bladed onto the first application of bitumen in place of new aggregate. 
For other bituminous materials which may be used see tables XXXVII 



d. Seal coat. — (1) Procedure . — Steps in this treatment are as 
follows : 

(a) Clean the surface to be sealed with the rotary sweeper. 
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(6) Apply RC-2 at 0<15 or 0.25 gallon per square yard (see par. 
1206). 

( c ) If a mineral cover is required on the seal coat, aggregate No. 
VI (or No. V), table XXIII, is immediately spread at 15 to 25 pounds 
per square yard. Other cover material may be used for camouflage 
purposes (see ch. 14). 

(d) Rolling and finishing (see par. 120^). 

(2) Alternates and variations. — Other bituminous materials may 
be substituted for RC-2 (see tables XXXVII and XXXVIII). 

e. Mixed-in-place surface course using graded aggregate. — This 
type of surface course has wide use because it may employ a variety 
of natural aggregate and several grades of bitumen. It is particu- 
larly adapted to the use of graded gravel and sand. It is quickly 
constructed with battalion equipment, though construction is delayed 
by wet or cold weather. It is not less than 2 inches nor more than 
4 inches thick. It is generally regarded as of intermediate quality 
from the standpoints of service and durability. Maintenance facili- 
ties are necessary. 

(1) Procedure. — Steps in this treatment are as follows: 

{a) Base preparation (see par. 120a). 

(6) Prime coat (see a above). 

( c ) Mineral aggregate meeting one of the designations in table 
XXXV is prepared (see par. 120c). 

(d) Proportion of bituminous material to be added is determined 
(see par. 118). 

( e ) MC-3 is applied by distributor (see par. 1206). 

(/) Mixing (see par. 120c?). 

(g) Spreading (see par. 120/). 

(A) Compacting (see par. 120^). 

( 1 ) Seal coat using MC-3 (see d above). Application of seal coat 
may be delayed for a period of time, if weather permits, to allow 
the surface course to cure and to allow for additional rolling. 

(2) Alternates and variations. — For cool weather work MC-2 is 
recommended unless a traveling mixer is used, and in hot weather 
MC-4 may be used. For other bituminous materials see tables 
XXXVII and XXXVIII. 

/. Mixed-in-place surface course using macadam aggregate. — This 
type of surface course is constructed not less than 2 inches nor more 
than 3 inches thick. It has the same characteristics as the mixed- 
in-place surface course using graded aggregate (e above) except' 
that aggregate requirements are more strict. 
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(1) Procedure. — Steps in this treatment are as follows: 

(а) Base preparation (see par. 120a). 

(б) Prime coat (see a above). 

(c) A layer of aggregate, No. II, table XXIII, is spread upon 
the primed base (see par. 120c) . 

(d) RC-3 is applied by distributor in two equal spreads with mix- 
ing between applications (see par. 1206). Each application will 
generally be 0.3 to 0.5 gallon per square yard. 

(e) Mixing (see par. 120c?). 

(/) Spreading (see par. 120/). 

(g) Compacting (see par. 120y). 

(A) Seal coat (see d above). 

(2) Alternates and variations. — For other bituminous material see 
tables XXXVn and XXXVIII. 

g. Bituminous 'penetration macadam surface course (see par. 98). — 
This type of surface course is constructed about 2 y 2 inches thick. 
It is a good quality surface, but rate of construction is slower than 
mixed-in-place work. Construction is delayed by wet or cold weather. 
Aggregate must consist of angular particles. Crushing and screening 
equipment is required. 

(1) Procedure. — Steps in this treatment are as follows: 

(а) Base preparation (see par. 120a). 

(б) Prime coat (see a above). 

(c) Coarse angular aggregate, No. I, table XXIII, is spread to a 
loose depth of about 3% inches (see par. 120c) and compacted (see 
par. 98c). 

(d) Hot bitumen is applied in one application by distributor (see 
par. 1206). Rate of spread varies from 1.9 to 2.1 gallons per square 
yard. 

( e ) Aggregate screenings, No. IV, table XXIII, are spread and 
rolled with 10-ton roller with necessary additions of screenings until 
the surface is keyed and dense. 

(/) The surface is swept clean of all loose material and another 
application of the same bituminous material is spread at 0.3 to 0.5 
gallon per square yard. While the bitumen is still warm, screenings 
are spread, rolled and broomed as before. No loose particles are 
allowed to remain on the finished surface. 

(2) Alternates and variations. — For selection of other bituminous 
materials see tables XXXVII and XXXVIII. 

A. Plant-mix surface course , cold-laid or hot-laid. — (1) This type 
of surface course is constructed not less than 2 nor more than 4 inches 
thick. It may be constructed in two layers of 2 inches each. A 
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variety of graded aggregate can be used, but angular coarse aggregate 
is preferred. Fine aggregate may be crushed particles or natural 
sand. Dust passing No. 200 sieve may be rock dust, selected inorganic 
soil, portland cement, or hydrated lime. Plant mixing permits good 
control of proportioning and uniform mixing, hence good quality sur- 
faces. Hot plant-mix is the highest type of bituminous construction 
and produces stable, serviceable, durable surfaces that require little 
maintenance. 

(2) Procedure. — Steps in this treatment are as follows: 

(а) Base preparation (see par. 120#). 

(б) Prime coat (see a above). 

(<?) Preparation of plant mix. Bituminous material is selected 
from table XXXVII. Aggregate must meet one of the designations 
in table XXIV. Plant operation is covered in paragraph 1206. 

(<f) Placing mixture (see par. 120/). 

( 6 ) Compaction (see par. 120y). 

(/) Seal coat (see d above). 

123. Concrete slabs. — a. Materials . — (1) Cement. — Standard 
portland cement is generally used, although high early strength 
cement may be used if available (see par. 115c). The procedure with 
high early strength cement is the same as with ordinary cement. In 
3 days of curing it attains a strength about 75 percent of the strength 
at 28 days of standard portland cement. High early strength concrete 
is especially useful in paving the last strips on a runway so that use of 
the runway is not delayed by curing the last sections placed. 

(2) Aggregates. — Requirements for gradation and quality of aggre- 
gate are given in paragraph 117a. Maximum size of gravel should be 
about 2 inches. 

(3) Water. — Water for concrete must be free from oil, acids, alkali 
and organic matter. In general any water that is fit for human con- 
sumption is suitable for concrete. Sea water is not used for concrete 
in runways. 

b. Forms. — Runways are paved in longitudinal strips 20 to 25 feet 
wide. Side forms are required. These must be securely set true to 
line and grade and well ahead of concrete placement. 

c. Subgrade 'preparation. — Subgrade preparation includes fine 
grading, compaction by rolling, and sprinkling. This is done just 
ahead of paving operations. A subgrade template which slides on the 
side forms is used to test and to control accuracy of operations. If 
the subgrade is dry it will absorb moisture from the wet concrete. 
This is prevented by wetting the subgrade. Light sprinkling just 
ahead of the concrete is of some value. Thorough wetting the night 
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before is best. On subgrade soils such as loess, clay, gumbo, adobe, 
and expansive or frost-action silts a covering is desirable to separate 
the slab from the soil. A subgrade blanket course of sand (par. 63c) 
is generally effective except on loess soil. Thickness of this layer 
varies from 2 inches to 6 inches. A 6-inch blanket is used on very bad 
soils and especially over frost-action silts. (See par. 43, app. III.) 
Loess subgrade should have a covering of bitumen-saturated paper. 

d. Preparation of aggregates . — Concrete aggregates are generally 
prepared by screening into at least two sizes, coarse and fine. Wash- 
ing to remove excess dirt is sometimes necessary in connection with 
screening. 

e. Proportions. — (1) Water-cement ratio . — The ratio of water to 
cement in concrete for runways should be not more than 6 gallons of 
water per bag (94 lb.) of cement. In computing the water con- 
tent of concrete all moisture carried by the aggregate (and any admix- 
ture) is included in applying this rule. In other words, total water, 
including that carried (see table LIX) by the aggregate, by calcium 
chloride solution if used, and that added to the mixture, must not ex- 
ceed 6 gallons per bag. 

(2) Cement content. — Cement content of concrete on runways 
should be about 5 bags of cement (470 lb.) per cubic yard of finished 
concrete. However, this factor may vary from 4 y 2 to 6 bags per cubic 
yard depending upon quality of cement and aggregate available, work- 
ing conditions, and quality of concrete desired. 

(3) Aggregate. — Proportions of fine and coarse aggregate are ad- 
justed to give a workable, relatively dry plastic mix having a slump 
(par. 50 d, app. Ill) less than 2 inches if to be consolidated by me- 
chanical vibrators. A slump of 3 inches is permissible for hand tamp- 
ing and spading. Average proportions of fine and coarse aggregate 
are 40 percent of fine aggregate (sand) and 60 percent of coarse ag- 
gregate (gravel). (See tables LX and LXI.) 

/. Batching. — Aggregates are combined in desired proportions at 
the batching plant either by volume or weight measurement. Size of 
batch is governed by the capacity of the mixer (paver) being used. A 
crawler-mounted 34 E paver is provided in the heavy construction 
set. Batches are transported to the mixer on the runway by truck. 
If large trucks capable of carrying more than one batch are used, the 
bodies are subdivided by bulkheads to form compartments for indi- 
vidual batches. Cement may be added at the batching plant, at the 
paver, or at an intermediate point. 

g. Mixing. — Mixing is done on the runway by the crawler-mounted 
mixer. Water (and admixture if used) is added at the mixer. Time 
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of mixing must be not less than 1 minute after all materials are in 
the mixer drum. Mixing time should not exceed 2 minutes. 

h. Placing . — After a batch is mixed, it is deposited as nearly as pos- 
sible in its final position on the runway. 

i. Finishing. — (1) Finishing operations include consolidating the 
plastic concrete, spreading and leveling it by screeding the surface of 
the slab true to line and grade, floating and straightedging, belting 
or brooming to roughen the surface, and joint trimming. Finishing 
operations follow the paver as closely as possible. Belting or broom- 
ing is not done until the water sheen has disappeared from the fresh 
concrete. 

(2) Machine finishing is preferred, but operations can be done 
by hand. If finished by hand careful attention to spading and con- 
solidating is required. Internal vibrators may be used in consolidat- 
ing operations. 

(3) A rough “sandpaper finish” is desired. The surface should not 
vary more than y 8 inch from a 10- foot straightedge laid in any direc- 
tion. Steel troweling is not used. Overworking the surface is espe- 
cially to be avoided. 

j. C wring. — (1) Freshly finished concrete slabs must be protected 
against loss of moisture by evaporation, so that the chemical reaction 
between water and cement necessary for development of strength will 
not be interrupted nor retarded. More than enough water is used in 
mixing concrete to satisfy the chemical requirements of the cement. 
Curing procedure must keep this water in the slab until strength has 
been attained. Curing should be as thorough as the military situation 
permits. 

(2) After finishing, as soon as the slab has sufficiently hardened it is 
prepared for curing by any standard method : ponding with water, 
covering with paper; covering with sand or straw kept damp by 
sprinkling ; or covering with a sprayed curing material such as emul- 
sified asphalt, cut-back tar, or cut-back asphalt. Curing must be con- 
tinuous. Intermittent sprinkling is not acceptable. Normal curing 
period for standard portland cement concrete is 7 to 14 days at tem- 
peratures above 50° F., and 14 to 21 days if air temperature is below 
50° F. Curing period for high early strength concrete and for stand- 
ard portland cement concrete with an admixture of calcium chloride is 
2 to 7 days depending upon prevailing temperature. Concrete must be 
protected from freezing during construction and curing. 

k. Calcium chloride admixture . — The rate of hardening of cement 
may be increased by using an admixture of calcium chloride (CaCl 2 ). 
Use of this chemical is not recommended as standard procedure, but it 
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is an expedient that may be useful in some situations. When so used, 
the material in flake form may be added to the mix in either dry or 
solution form. When used in dry form, from 1 to 2 pounds per bag 
(94 lb.) of cement are placed in the aggregate, but not in contact with 
the cement , just before materials are dropped into the mixer drum. 
Where used in solution form from 1 to 2 quarts per bag (94 lb.) of 
cement are introduced into the mixer drum with the mixing water. 
The solution is prepared by dissolving and thoroughly stirring 1 bag 
(100 lb.) of calcium chloride in enough water to make 25 gallons (100 
qt.) of solution. Exact amount of calcium chloride used depends upon 
prevailing temperature. Recommended amounts are 2 pounds dry or 
2 quarts solution for working temperatures below 80° F. ; 1.5 pounds 
dry or 1.5 quarts solution for temperatures between 80° and 90° F. ; and 
1 pound dry or 1 quart solution for temperatures above 90° F. 

l. Joints . — Several types of joints are necessary in concrete runways. 
Principal types are expansion joints, longitudinal and transverse 
dummy groove joints, hinjged joints, keyed joints and construction 
joints. For details see figures 122 and 123. 

m. Order of paving in strips . — Runways are paved in longitudinal 
strips. To allow for shrinkage, alternate strips (fig. 124) are paved 
and allowed to harden before paving the strip between. It is advisable 
to lay out the work so that the last sections paved are along one edge 
so as not to prevent emergency use of the rest of the runway. By 
placing concrete in the vital areas first, sufficient curing time to develop 
slab strength for emergency use will elapse while the last strips are 
being placed. 
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Figure 122. — Concrete runways. 
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Figure 123. — Joint details for concrete runways. 
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124. Mission. — The mission of aviation engineers at field air- 
dromes is to keep the airdromes constantly in condition to serve the 
aircraft using them. This includes — 

(1) Routine maintenance. 

(2) Special or emergency maintenance. 

(3) Stage construction to improve the airdrome. 

125. Personnel and equipment. — A flexible allotment of per- 
sonnel and equipment with a reserve for special assignment is neces- 
sary for maintenance. For example, a company assigned to the main- 
tenance of three airdromes should not be expected to place a platoon at 
each airdrome. Instead, depending on local conditions, the company 
commander should place a minimum engineer detachment with equip- 
ment at each airdrome, holding the the bulk of his personnel and equip- 
ment in a central location prepared to give maximum aid, perhaps 
after bombardment, where most needed. This central location would 
most likely be one of the fields where conditions warrant the presence 
of a larger group. Likewise, the battalion could well retain a portion 
of the heavy battalion equipment in a central location prepared to rein- 
force companies as needed. 

126. Routine maintenance. — a. Scope . — Routine maintenance 
covers drainage; repairs to runways, taxiways, parking areas, and 
roads; stockpiling materials for special and emergency maintenance; 
and snow removal. 

b. Inspection and supervision. — (1) Frequent and careful inspection 
of an airdrome and continuous supervision of repair work are vital 
requirements in routine maintenance. An engineer officer should care- 
fully inspect all runways periodically to detect early evidence of pave- 
ment weakness before actual failure results. These inspections must 
be especially vigilant during rainy seasons and during spring thaws. 
Dangerous areas must be marked. Taxiways, parking areas, roads, 
and other facilities are similarly inspected. 
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(2) Every defect discovered during inspections must be studied to 
determine the cause. Pavement defects may result from imperfections 
in surface construction ; they may be caused by concentrated use as in 
turn-around areas ; or they may be the first indications of more deep- 
seated trouble caused by faulty base or foundation construction or by 
inadequate drainage. Simple rules for classifying defects cannot be 
given. Each must be studied as an individual problem to determine 
the appropriate remedy. It is especially important not to misinter- 
pret first evidences of major defects. Surface patching will not cor- 
rect a foundation or base course deficiency. 

(3) The drainage system at a new airdrome is carefully observed for 
hydraulic deficiencies during first storms and spring run-off. The 
system is also inspected after storms for erosion damage and clogged 
drains. 

c. Drainage . — Drainage ditches must be kept constantly clear of 
weeds, brush, silt, and other accumulations of debris that obstruct flow 
of water. Erosion damage to ditches is corrected after each storm 
by backfilling and placing riprap or by lining with compacted bitu- 
minous premix. dean-outs and junction boxes must be periodically 
cleaned, dogged drain and culvert pipe must be opened by cleaning. 
Any deficiencies in the original drainage system lay-out must be cor- 
rected as they are discovered. Special attention must be given to 
drainage maintenance during periods of thaw, especially when ac- 
cumulations of snow are present. Open side ditches are cleared of 
snow, and channels are opened through any snow accumulations on 
the shoulders whenever needed to permit water to escape. Every pre- 
caution must be taken to prevent ponding of snow -melt water on the 
runway, on the shoulders, or in the side channels. 

d. Repairs to pavements. — (1) Soft spots . — All soft and yielding 
spots or areas that develop in runway or other pavements must be cor- 
rected. Early surface indications of soft spots in base or subgrade 
under flexible type pavements are often similar to first evidence of de- 
fects in the surface course alone, and it is important to differentiate 
the two. Soft spots may develop slowly at first, but they progress 
rapidly to failure, with the possibility of serious consequences if not re- 
paired. A section or area of a bituminous surface course that is too 
rich in bitumen will be displaced in much the same manner as the 
beginning surface displacement due to soft subgrade or a frost boil. 
The remedy for an over-rich surface mixture is relatively simple, but 
the remedy for poor subgrade or base may involved considerable 
work. Exploratory excavation may be required to determine the na- 
ture of the trouble and extent of repair required. If the weakness is 
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due to poor foundation soils or poor foundation compaction, the pave- 
ment and defective subgrade are removed. Good granular material 
such as graded gravel is placed and thoroughly consolidated and the 
pavement is replaced. If the weakness is due to seepage, it is necessary 
to install a drain to intercept or remove the water. ( See pars. 60 and 
61, and app. III.) If the difficulty is due to frost action in the form 
of frost boils or frost heaves, it is frequently necessary both to replace 
the frost-action subgrade soil with granular material and to install 
special drains. Sometimes drainage measures alone will correct frost 
difficulties, because heaving cannot occur unless there is a water supply 
during freezing to build up subsurface ice layers or lenses. A critical 
time for weakness resulting from frost action is in the spring when 
the ice in the base and subgrade melts and saturates the foundation. 

(2) Surface courses. — (<z) Stabilized soil surfaces that are not 
treated or not primed will require continuous maintenance. This 
consists of light scarifying or blading with a grader followed by 
sprinkling and rolling. If small areas of unbound surface start to 
ravel or to develop ruts or chuck holes, these are patched with stabilized 
soil mixture following the procedure described below for patching 
bituminous surface courses. Dust palliatives (except calcium chlo- 
ride) may be applied to stabilized, soil surfaces as part of the 
maintenance program. Bituminous materials (tables XXXYII and 
XXXVIII) are useful, but other materials may be employed if con- 
veniently available, such as fluid fuel oil, waste oil, or lignin solution 
from the pulp and paper industry. Primed surfaces that ravel or rut 
are likewise patched with stabilized mixture and the patch is primed 
with bituminous material, using the asphalt kettle hand spray. 

(b) Bituminous surface courses usually require some maintenance, 
especially near the ends of runways and taxiways where aircraft do 
considerable turning. Surface abrasions and wear may be corrected 
by a bituminous surface treatment. This involves sweeping the work 
area, spraying with cut-back or emulsified asphalt or with tar, and 
covering with compacted, clean mineral aggregate (see par. 122 d). 
Deeper wear, as in mixed-in-place bituminous surface courses, may re- 
quire removal of the surface course and replacement with bituminous 
premix patching material. In this type of patching, edges of the sur- 
face course are trimmed vertically after the defective portion of the 
surface is removed. The outline of the area to be patched is cut in 
straight lines parallel and perpendicular to the runway centerline. 
Before placing premix patching material, the vertical edges of the 
remaining surface course are painted with cut-back or emulsified 
asphalt to promote bond between the old and new materials. The 
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premix patching material is evenly spread, then compacted to grade 
by rolling. Waves (wrinkles or shoves) that sometimes develop in 
mixed-in-place or cold-laid bituminous surfaces may result from in- 
sufficient stability in the surface course itself, or from slippage of the 
surface on the base course. Instability in the surface course may be 
caused by poor aggregate grading, too much bitumen in the mixture, 
or insufficient curing and compaction. So long as the displacement 
is confined to movement in the surface course and does not result from 
a yielding foundation, the remedy is simple. The defective area may 
be scarified, reworked, and relaid. Scarifying should not disturb the 
base. The defective surface may be scarified, removed, and replaced 
with premix patching material. Waves caused by slipping on the 
base require removal of the surface and elimination of the slip plane. 
A frequent cause of this trouble is an accumulation of soil binder on 
top of a base that was not properly mixed during original construction. 
This accumulation must be removed, replaced with granular material, 
compacted, and primed before replacing the surface course. 

( c ) Joints and cracks in concrete slabs must be repaired by sealing 
them with hot asphalt or tar. Complete joint maintenance is done 
during favorable dry weather; once in the spring to correct damage 
that occurred during the previous winter, and again early in the fall 
to prepare the pavement for the next winter. Depressed and broken 
slabs resulting from ordinary foundation settlement are resurfaced 
with bituminous premix to bring the runway surface back up to grade. 
The area to be resurfaced is first cleaned, then a light tack coat of 
RC-3 cut-back asphalt or RS-1 emulsified asphalt is applied at about 
0.1 gallon per square yard. The premix is then spread to required 
thickness by hand raking. The edges of the patch are “feathered out” 
by raking to eliminate any bumps or ridges, and the whole patch is 
compacted by rolling. Broken slabs resulting from major foundation 
defects are replaced after the foundation is repaired. 

e. Stockpiles . — Pits must be opened and stockpiles of sand and 
gravel, base material, and premix patching material must be prepared 
at convenient places and in ample quantities ready for emergency 
maintenance. These stockpiles must provide for quick loading and 
transportation to the runways. Loading traps or other improvised 
arrangements are prepared in advance (see figs. 125 and 126). The 
bucket elevator may be used in pits or at stockpiles. 

f. Bituminous premix for patching . — A stockpile of premixed ma- 
terial m,ust be available for emergency repairs of bombed pavements. 
Suitable premix consists of aggregate such as No. B, table XXIV, and 
MC-3 cut-back asphalt. Other bituminous products may be used if 
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MC-3 is not available (see tables XXXVII and XXXVIII). The 



proportion of bitumen added to the aggregate should be slightly more 
than the quantity determined by paragraph 118. In general the pro- 




BY EXCAVATING AT LOAOlNG SITE 
THE SLOPE OF RAMP TO TRUCK CAN 
BE DECREASED 



Figure 125. — Gravel loading ramp. 



0 CONST. RAMP FOR H-lS 
LOADING. 

(D RAMP CAN BE CONST. FROM 
LOGS OR FINISHED TIMBER. 

® PROVIDE TREADS ON FLOORING 
FOR BULLDOZER BLADE 

0 CURBS SHOULD BE EMPLOYED 
TO PREVENT LOSS OF GRAVEL. 

0 A GRIZZLY CAN BE CONSTRUCT- 
ED TO REMOVE OVERSIZED 
MATERIALS. 




,BY EXCAVATING AT SITE FOR TRUCK 
THE HEIGHT OF RAMP TO TRUCK CAN 
BE DECREASED. 



® CONST. RAMP FOR H-15 
LOADING. 

® RAMP CAN BE CONST FROM 
LOGS ORFINSHED TIMBER 

(D PROVIDE TREADS ON FLOORING 
FOR BULLDOZER BLADE. 

© CURBS SHOULD BE EMPLOYED 
TO PREVENT LOSS OF GRAVEL. 

@ A GRIZZLY CAN BE CONSTRUCT- 
ED TO REMOVE OVERSIZED 
MATERIALS. 



Figuri: 126. — Gravel loading ramp. 



portion of bitumen should be between 4 and 6 percent. The premix 
will be prepared at the time the tirst runway is being surfaced. See 
paragraph 122e for construction procedure. 
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g. Snow. — (1) General . — Standing orders should cover responsi- 
bilities, priorities, safety precautions, and operational require- 
ments with respect to snow and ice. Factors to be considered in 
planning the snow handling program are climatic conditions, aircraft 
to be accommodated, equipment available for handling snow, and 
camouflage requirements. Airplanes may be equipped with landing 
skis or wheels. Ski equipped airplanes operate successfully on packed 
snow, while airplanes with landing wheels can operate in not more 
than 3 inches of loose snow. This depth of loose snow may be fresh 
snow on a clear runway, fresh snow on previously packed snow, or 
melting snow previously packed on a runway. Maintenance opera- 
tions must continually reduce the thickness of packed snow so that 
when a thaw comes there will be no more than 3 inches on the runway. 
From the standpoint of camouflage, it may be undesirable to remove 
all snow from a runway when the surrounding terrain is blanketed 
with snow. 

(2) Equipment . — Equipment for handling snow consists of regu- 
lar and special equipment organic with aviation engineers supple- 
mented by other equipment selected to fill particular needs and issued 
from depots. Equipment from depots includes such pieces as V- and 
one-way push plows, rotary plows, rollers, and others specially de- 
veloped for unusual snow conditions. Many expedients are workable 
in field operations. 

(3) Methods of packing.— {a) In regions of heavy snowfall, with 
prolonged cold weather relatively free from sudden thaws, snow may 
be handled by packing. Rolling begins as soon as 3 inches of fresh 
snow have fallen, and continues during the snowfall. The packed 
snow is then dragged or scraped to smooth it. The runway, shoulders, 
and as much adjacent area as practicable are packed. Accumulated 
packed snow on runway and shoulders is removed as the season pro- 
gresses so that a sudden thaw will not leave the runway covered with 
a blanket of soft snow too thick for airplane operation. 

(6) Snow packing is accomplished with a set of three rollers drawn 
by tractor with snow treads. Each roller is 4 feet 8 ijiches outside 
diameter, and 10 feet 3% inches long with a shell of 10-gage corru- 
gated metal. Over-all axle length of each roller is 11 feet 9 inches. 
The corrugated metal shell is supported on the axle by two structural 
frames or spiders at the third points and two steel plate bulkheads 
at each end. One of the plates has a manhole. The three rollers are 
arranged with one in front and two in line immediately behind the 
first. Each rear roller is attached by an A-frame to one end of 
the axle of the front roller, and the front roller is attached to the 
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tractor by an A-frame. Dragging for smoothing after rolling is 
done with a tractor-drawn timber frame drag, equipped with metal 
cutting edges front and rear, or with a grader. Another type of roller 
that has been successfully used for packing snow for light airplanes is 
constructed mainly of wood, is 8 feet in diameter, 10 feet long, and 
weighs about 1,000 pounds. Two-inch pipe is used for the axle. 
Five circular ribs built of lumber 2 inches thick are mounted on the 
axle at 2^ -foot intervals. These ribs are then covered with 1- by 
4-inch boards placed longitudinally to form the surface of the roller. 

(4) Methods of clearing and removing . — Clearing and removal of 
snow is required in regions where climatic conditions will not permit 
snow packing. Snow clearing may be accomplished with ballasted 
truck equipped with snow plow on the front, having a rolling caster 
at each end of the plow to keep it about % inch above the runway 
surface; grader; tractor with angledozer; tractor with one-way or 
V-type blade; and rotary snow plow. The truck and grader may 
be used for light snowfalls. They start at the center of the runway 
and progressively move the snow to the sides with each longitudinal 
trip. The tractor equipped with angledozer, or tractor with one-way 
snow blade is used to clear heavy snowfalls and to move windrows 
accumulated by the truck and grader. Drifts may be opened with the 
tractor with V-type blade or with the rotary snow plow. Rapid 
removal of heavy snow requires a rotary plow or other special equip- 
ment. In the absence of this equipment, as an expedient, snow may 
be loaded on a tractor-drawn sleigh built of timber. Even if rotary 
plows are available, sleighs may be used to remove necessary snow 
from work areas around hangars and shops. 

h. Ice . — Ice coatings on runways, taxiways, and hard standings are 
treated with a sprinkling of sand spread by hand or by mechanical 
spreaders issued from depot stock. If practicable, sand should be 
heated before spreading. Salt (sodium chloride and calcium chloride) 
is not used for ice control on airdromes because it promotes corrosion 
of metal aircraft parts. Accumulated sand on runways and taxiways 
is removed in the spring by power brooming. 

127. Special or emergency maintenance. — a. Scope. — Emer- 
gency maintenance after bombing requires quick repair and clearing of 
the principal runway and necessary connecting taxiways followed 
by repair of other facilities as needed. Speedy repairs depend largely 
on advance preparations and training and on the use of equipment 
rather than hand labor. Work should start immediately after the 
“all clear” signal. Meanwhile, hasty reconnaissance is necessary to 
survey the extent of damage and to establish priority of work. Air 
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reconnaissance by the engineer as soon as possible after one runway is 
in operation is advisable to detect any damage or necessary mainte- 
nance overlooked in the ground reconnaissance. 

b. Bomb craters. — (1) Principal work items are filling bomb craters 
and repairing and replacing damaged pavement on the principal run- 
way and connecting taxiways. Average figures for amount of earth 
displaced by bombs are 90 tons for 300-pound bombs and 1,000 tons 
for 2,200-pound bombs. When dropped from very high altitudes, 
bombs sometimes penetrate deep and cause subterranean craters or 
“camouflets” which appear only as mounds on the surface. These 
cavities must be found, collapsed, and filled. Camouflets generally 
contain a poisonous gas, carbon monoxide (CO). Since the gas mask 
does not protect against this gas, care must be taken to protect per- 
sonnel while collapsing camouflets. The opened crater must be ven- 
tilated before it is safe. 

(2) The first operation in filling a crater is to push surrounding 
earth and debris from the undamaged runway area into the crater with 
an angledozer. This material is generally very fine grained. Admix- 
ing granular material during backfilling is advisable. Additional im- 
ported fill will be needed after all explosion debris is replaced. Stock- 
piled select material is used for this purpose. Continuous moistening 
and tamping for compaction are required, using machinery if prac- 
ticable. When the crater is thus backfilled to within 6 or 8 inches 
of the runway surface, the perimeter of the crater is cut and trimmed 
vertically. Base material is then placed and compacted. Finally a 
bituminous premix surface is laid and compacted. 

(3) Repaired craters must be inspected periodically for settlement, 
especially after the first rain. 

c. Removing metal fragments . — Metal fragments on the runway 
from bombs or antiaircraft fire are a serious menace to airplane tires. 
They must be removed before airplanes operate. Removal may be 
effected by work parties in line across the runways and taxiways, 
working from one end to the other, picking up all fragments and col- 
lecting them in any handy receptacles, such as sandbags. Accom- 
panying trucks can pick up filled sandbags. 

d. Other repairs . — After the airdrome is back in operation, other 
needed repairs proceed. Meanwhile stockpiles are replenished for 
subsequent emergencies. 

128. Steel runways. — Details concerning the repair and mainte- 
nance of steel runways are covered in chapter 9. 
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PROTECTIVE CONSTRUCTION 

Paragraph 



General: . 129 

Types of projectiles ... 130 

Terrain features 131 

Camouflage 132 

Simple protective measures 133 

Blast and splinter resistant construction,, 134 

Weapons emplacements 135 

Structural considerations for surface and for semiburied shelters 136 

Gasproofing _ . , 137 

Protection against incendiary bombs 138 

Aircraft revetments,, 139 

Preservation of sandbags , — 140 



129. General. — -This chapter briefly covers typical defensive struc- 
tures which aviation engineers may be required to build. For a 
detailed discussion of protective construction see TM 5-310 and 
FM 5-15. 

130. Types of projectiles. — Enemy artillery is seldom in a posi- 
tion to fire on airdromes. Protective structures for airdromes are 
therefore designed to protect against aerial weapons. The following 
types of aerial weapons may be expected: 

a. High explosive bombs , — These bombs cause destruction from 
fragments, blast effect, and earth shock. 

b. Incendiary bombs.— These bombs are designed to cause destruc- 
tion by fire. Incendiary bombs cause more damage to materiel in non- 
dispersed areas than all other types together. They are generally 
nonexplosive, but often they contain a small charge to discourage 
personnel attempting to extinguish them. 

c. Aerial mines .- — Generally attached to parachutes, these missiles 
detonate by contact. Trees and overhead wires may set them off. 
Their destructive effect is due to blast rather than splinters. 

d. Gas. — Gas may be sprayed from airplanes or may be dropped in 
bomb containers with instantaneous nose fuzes. 

131. Terrain features. — Advantage must be taken of all terrain 
features. Such features may be used in their natural state to provide 
concealment and protection, or may be converted into protective 
structures. 
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132. Camouflage. — Concealment and dispersion must be planned 
from the first. In areas which are to be excavated and filled, all turf, 
sod, leaves, and forest humus are removed, set aside, and replaced after 
construction. Spoil is not placed indiscriminately on parapets or 
adjacent to structures but is disposed of in an inconspicuous manner. 
Fresh spoil must not be left uncovered. Fresh spoil and a regular 
outline together form a perfect signpost for aerial observers. 

133. Simple protective measures. — When the engineer con- 
struction crew first arrives on a proposed airdrome site, simple en- 
trenchments for personnel and for weapons will be set up. These 
protect personnel during air raids and provide ground organization 
for active defense against attack. Typical construction includes the 
following: 

a. Prone shelters (fig. 127) are 2 feet wide, 2 feet deep, and long 
enough to p&rmit the occupant to rest in a prone position. These 
shelters are dug rapidly and must take advantage of natural cover. 
They furnish protection from small-arms fire and from bomb frag- 
ments. Suitable for shelter during attacks by bombardment air- 
planes, they are not deep enough to protect against ground strafing. 

h. Slit trenches protect against ground strafing. They are usually 
dug from 4 to 5 feet deep and are as narrow as possible to permit 
occupancy. The slit trench trace is usually a chevron or an L. This 
change of direction allows occupants to take shelter in the leg which 
is perpendicular to the direction of flight of the strafing airplane. 

c. Fox holes (figs. 128, 129, and 130) may be built for onei man or 
for two men. Fox holes differ from slit trenches in that they have a 
fire step and are wider, thus allowing the Occupants to return fire. 

d. Observation posts (fig. 131) may be nothing more than well- 
concealed fox holes. Observation posts are necessary for an effective 
alert system. Excellent lookout posts may be constructed in trees. 

e. Weapons emplacements for machine gwns and antitank gv/ns (figs. 
132 and 133). Aviation engineers are equipped with the .50 caliber 
machine gun, and 37-mm antitank gun but may be required to build 
pits for the 40-mm and 90-mm antiaircraft guns. Nets or other over- 
head cover should be used for these emplacements. All guns are sited 
to fire at both ground targets and aerial targets. Nets or cover used 
over them must be of a type which can be removed rapidly to enable 
the gunners to follow aerial targets. 

134. Blast and splinter resistant construction. — When work 
first starts on an airdrome site the protective construction mentioned in 
paragraph 133 may be sufficient for defense. As the construction nears 
completion and the airdrome becomes a vital installation, blast and 
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Flaunts 128. — One-ntuu fox hole — longitudinal section. 
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t iguuk 120, — Two-man fox hole plan. Fox hole should he camouflaged. 



ENEMY 




2 FT 



2 FT 



A0OUT 6FT 



Figure 130. — Two-man fox hole — longitudinal section. 
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© Front view. 

Figuke 131. — Observation post, utilizing a two-man fox hole. 

135. Weapons emplacements. — For a detailed discussion of blast 
and splinter resistant weapons emplacements see FM 5-15. One type 
of protected weapons emplacement is illustrated in figure 134. The 
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splinter resistant construction may be necessary. The prone shelters, 
slit trenches, and fox holes are not abandoned but are used in con- 
junction with the new construction. 



' ® Rear view. 
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type illustrated can be adapted with slight modifications to any size of 
machine gun. Details of reinforcing steel are not shown. 
m. Structural considerations for surface and for semi- 
buried shelters. — Blast and splinter resistant structures may be 
erected completely above ground, or they may be partially buried. The 
forces to be resisted and the degree of protection practicable are the 
same in either case. General design features applicable to both types 
follow : 

a. Structures should be dispersed and placed on slopes of hills where 




Figure ll»2. — Caliber .50 antiaircraft machine-gun emplacement. 

possible. There should be a minimum of 50 feet between adjacent 
buildings. 

b. Design will be to protect primarily against high explosive bombs. 
These bombs have destructive effects produced by fragments, blast, 
and earth shock (see par. 130) . 

(1) Fragments are parts of the bomb case broken off at explosion 
and moving at great speed. These fragments have considerable pene- 
trative power. When a wall has been designed to stop fragments it 
is usually thick enough to protect against blast. Roofs and floors 
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are not usually as exposed to fragments as walls; therefore, they do not 
have to be so thick. 

(2) Blast effect^ above ground travels in the form of pressure waves. 
F ollowing the positive pushing wave there is a negative suction wave. 
Walls which have been designed to stop fragments are thick enough 
to stop blast, but the walls must be reinforced and they must be of. 
rigid design. 

(3) Earth shock occurs when a bomb is detonated underground. 
This shock travels in horizontal and vertical waves. If a bomb ex- 




plodes near an underground structure the vertical wave, or earth move- 
ment, may reach the shelter before the horizontal wave. The vertical 
push will shove the roof up off the walls and allow it to fall back on the 
walls while they are in motion from the horizontal push. When this 
occurs the shelter will probably collapse. To protect against earth 
shock it is necessary to fasten floor and roof securely together. 

c. Bombs larger than 550 pounds will normally not be wasted against 
a dispersed target such as an airdrome. Therefore usual design is 
for protection against the 500-pound or 550-pound bomb. Table 
XXVI shows thickness needed against other bombs as well. 
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Figuue 134. — Reinforced concrete emplacement for caliber .30 air-cooled machine gun. 



~ ™ I 244 Original from 

Digitized by ^.lOOglC UNIVERSITY OF CALIFORNIA 



AVIATION ENGINEERS 



TM 5-255 
136 



Table XXVI. — Thickness of materials to protect from fragments- of bombs of all 

types explo ling at a distance of 25 feet 



Bomb weight (pounds) 


Mild steel 
(inches) 


Sand, earth, 
or gravel 
(inches) 


Brickwork 

(inches) 


Reinforced 

concrete 

(inches) 


no 


i 


30 


12 


10 


220 


1 H 


36 


16>$ 


15 


550 


2 ^ 


48 


16/2 


15 


1,100 


3 


48 


I 6 K 2 


15 


2.200 r 


3H 


54 


16H 


15 



These thicknesses are. for lateral and overhead protection where ex- 
posed to direct blast and splinters. Surface shelters with no over- 
head obstructions near do not need the full protective thickness 
overhead. 

d. Of the materials usually available, reinforced concrete is the 
most efficient protection against military projectiles. Concrete is 
not available in many theaters of operations so that other materials 
must be substituted. Walls of rigid wooden frame construction, while 
not as resistant to splinters as walls of brick load-bearing construction, 
are more resistant to blast. Corrugated iron “elephants” are well 
suited for semiburied structures. Tests are under way on wood cul- 
verts similar in shape to corrugated iron sections. No matter what 
material is used, the most important design feature is rigidity — the 
walls and roof must be securely tied. If maximum protection is to 
be obtained in reinforced concrete construction this means welding 
the reinforcing rods where they lap. 

e. Entrances must be protected by baffle or screening walls of the 
types illustrated in figure 136. These walls reduce blast pressure and 
keep fragments from entering the structure. At least two exits are 
provided for each structure. 

f. Ventilation for structures which are not gasproofed is usually 
secured with several roof vents. Doors will not provide sufficient 
ventilation during continued occupancy. Structures which are gas- 
proofed should use the protective collector issued by the Chemical 
Warfare Service for mechanical ventilation. Table XXVII gives 
minimum ventilation and space requirements for shelters. 
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Figure 135. — Splinterproof air raid 
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Sectional Elevotion Plan 



Screen Wall 





Not# : May also bt used for 
interior portition walls 




Shelter 

(with inferior screen watt! 



Corner 



Entrances 



Side Entrances 



Figure 130. — Baffle walls for entrances. 



Table XXVII . — Minimum ventilation and space requirements for shelters 
NATURAL VENTILATION (OPEN TO OUTSIDE AIR) 



Location of shelter 


Maximum 
period of 
occupancy 
(hr.) 


Ventilation 
rate (cu. ft./ 
hr./person) 


Total surface 
area (sq. ft./ 
person) 


Floor area 
(sq. ft./ 
person) 


Volume con- 
tent (cu. ft./ 
person) 


Above ground 


3 




30 


6 


50 


Above ground 


12 




60 


6 


75 


Below ground 


3 




30 


6 


50 


Below ground.^ 


12 




50 


6 


75 


Above ground 


3 


Gaslight 
(none) . 


75 


6 


120 


Below ground - 


12 


Gastight 

(none). 


100 


6 


350 



MECHANICAL VENTILATION 



Above ground 




300 


40 


8 


60 


Below ground 




300 


30 


8 


60 







Note.— T he above figures are based on occupied space only such as passageways, sanitary arrangements, 
ontranceways (gas locks, etc.); first-aid and decontamination rooms are not included. 

137. Gasproofing. — The following information concerning gas- 
proofing is taken from TM 5-310. For additional information see TM 
5-310 and FM 21-40. 

a. General. — (1) Structural protection against the chemical agents 
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Figure 137. — Blast and splinter resisting structure for 26 men. 
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usually grouped under the term “gas,” and which may be gases, liquids, 
or finely divided solid matter, must be separated into two classifica- 
tions : protection to structural materials and protection to personnel. 

(2) The protection of roads and buildings from the effects of chem- 
ical agents, excluding incendiary agents, requires a knowledge of gas 
action on various construction materials. Porous substances, such as 
brick or concrete, fairly readily absorb liquid mustard gas; chlorine 
and phosgene in particular attack metals, and some other gases are also 
solvents of some bituminous materials, especially those where gas works 
products were incorporated in the process of manufacture. Decon- 
tamination of roads, walls, floors, and roofs of buildings is facilitated 
when gas-resistant bituminous materials, rustproof sheet metals, and 
glazed tile facings are used. 

(3) Protection to personnel may be further classified as individual, 
tactical, and collective protection. Individual protection is given by 
gas masks and special clothing. Tactical protection is gained by the 
movement of troops to uncontaminated areas. Collective protection 
is obtained by preventing the entry of gases into structures occupied 
by personnel who cannot efficiently perform their duties wearing gas 
masks, and by providing facilities for the antigas treatment of casu- 
alties. This protection must be provided for vital installations at air- 
dromes. 

(4) A satisfactory method of collective protection must keep gas 
out of the structure for definite periods, and must also provide sufficient 
fresh air for the occupants. These requirements may be satisfied by 
the construction of airlocks (two gasproof doors) at all entrances into 
the pro,tected space; by making the' structure reasonably airtight; and 
by installing the electrically operated MI collective protector, a stand- 
ard piece of equipment issued by the Chemical Warfare Service. These 
collective protectors, which for safety should be provided with alter- 
native sources of power and spare filters, have a capacity of 12,000 
cubic feet of air per hour, sufficient for 20 men working in an operations 
room under most conditions. In hot weather the incoming air should 
be dehumidified by mechanical or chemical means. By maintaining a 
positive pressure in the protected space, the purified air leaks out and 
prevents contaminated air from leaking in. These collective protec- 
tors are supplied for a specific purpose, are expensive, and, to produce 
satisfactory results with proper regard to their capabilities and limita- 
tions, must be kept in good working order along with the auxiliary 
equipment. 

(5) The gasproofing of existing buildings is necessarily of a make- 
shift nature. New construction can be made more nearly ideal for 
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gasproofing purposes, as the most effective details can be incorporated 
at the start, thus obtaining a much more efficient structure for protec- 
tion against gas attack. 

b. Locations. — (1) The gasproofed space itself, if placed in existing 
buildings, should be located as far as possible away from light or air 
shafts where heavy concentrations of gas could possibly remain. 

(2) The collective protector is to be placed in or adjacent to the 
airlocks, and separated by means of a wall from the protected space. 
The air outlet should be placed so that the tendency of the air is to 
flow out of the structure due to the positive pressure, past the toilets 
and through the decontamination areas and airlocks out into the open 
air. One-way valves set to the positive pressure attained should be 
placed in the gasproof doors to permit this. The air intake should 
be placed at least 20 feet above the surface of the ground. 

c. Open entrenchments . — If open entrenchments are used they should 
always be located on the highest terrain available to prevent the 
settling of the gas clouds, which are heavier than air, in the dugouts 
and low places. 

d. Pipes entering structures . — All water and gas pipes and elec- 
trical conduits, entering the shelters must be valved or arranged to 
prevent the entry of combat gases in the event the pipes are shattered 
outside the structure. 

e. Doors. — (1) .Doors are to be designed for a horizontal pressure 
of 100 pounds per square foot when properly screened from blast. 

(2) In the event that no screen walls are used, the gasproof door 
should be staggered in respect to the blast and splinterproof door so 
that splinters that may possibly pass through the latter door will not 
strike the gasproof door. 

138. Protection against incendiary bombs. — In nondispersed 
areas subject to constant aerial attack, incendiary bombs cause more 
damage to buildings than all other types of bombs. 



Table XXVIII . — Materials giving protection against burning by the 2,2-pound 

magnesium incendiary bomb 



Material 


Minimum layer 
(in.) 


Weight per 
square foot 
(lb.) 


Concrete (including cinder concrete) _• 


1 


12 or less 


Dry, virgin earth (sifted) 


iy 4 


6. 0 


Brick dust 


iy 2 


9. 5 


Dry sand — - 


1 % 


13. 5 
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a. Construction materials. — Various fireproof materials have been 
developed but they are seldom available. The materials listed in table 
XXVIII are effective provided they are kept in place. If they are 
loose and exposed to the elements they may wash away or blow away. 

b. Storage of inflammables. — All spaces vulnerable to incendiary 
attack must be cleared of wooden goods, waste paper, and oily waste. 
In warehouses, inflammable materials are stored in small stacks with 
wide aisles left to permit passage of fire-fighting equipment and to con- 
fine fire to small areas. 

c. F,ire plan. — A fire plan which will provide for quick treatment 
of fires must be prepared. Definite assignments to fire-fighting crews 
should be made, fire-fighting equipment should be spotted where it will 
be picked up and used, and practice fire drills should be organized to 
assure fire-fighting efficiency. 

139. Aircraft revetments. — a. General. — Concealment and dis- 
persion are the first steps in protection of airplanes on the ground. 
Elaborate revetments for aircraft protection are seldom constructed. 
Revetments afford protection against bomb fragments from high 
altitude bombing but do not prevent effective ground strafing ; in fact 
they may draw fire if not well concealed. The, air force commander 
will determine whether or not revetments will be constructed. A War 
Department order prohibits construction of revetments in the conti- 
nental United States without specific authority. Requests for such 
authority will explain why adequate protection cannot be secured 
through dispersion. 

b. Standard designs. — Figures 138 and 139 illustrate standard revet- 
ment designs. Designs for a crew shelter in the revetment wall must 
include both a front and rear entrance to the shelter; otherwise, a 
burning airplane inside the pen might trap the crew. Earth traverses 
are much stronger if cement stabilized soil is used. Sandbags should 
be rotproofed or filled with cement stabilized soil. 

c. Sandbag reveling. — Unless sandbags used for reveting are care- 
fully placed they will not stay in position. Proper methods of placing 
sandbags are shown in figure 140. A header is a sandbag placed per- 
pendicular to the surface being reveted, while a stretcher is placed 
parallel to the surface. 

140. Preservation of sandbags. — Ordinary sandbags should be 
used for temporary reveting only. Where bags are to be in place for 
a month or longer under average rainfall conditions they must be rot- 
proofed or filled with soil partially stabilized with cement or bitumen. 
The later method is usually easier in the field. The following methods 
of mildew proofing and rotproofing sandbags in the field are listed in 
the order of their effectiveness; 
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a. Ten percent of copper naphthenate by weight is dissolved in min- 
eral spirits. Bags are soaked in resulting solution until a test shows 
an increase in weight of approximately 25 percent has been obtained. 
Bags are then allowed to dry. 

b. Dissolve 20 pounds of copper sulphate in 10 gallons of water and 
add 214 gallons of 28 percent ammonium hydroxide. The bags are 
dipped in this solution until their weight is increased approximately 
40 percent, and then allowed to dry. 

c. Bags may be dipped in fluid bituminous materials. These mate- 
rials are cut-back asphalt, or cut-back tar diluted as needed, or a solu- 
tion of 20 to 25 percent by weight of asphalt or tar in either gasoline or 
benzene. The exact amount and type of asphalt or tar must be deter- 
mined by trial. The bag is soaked in solution to increase weight not 
to exceed 100 percent. A satisfactory result is obtained when the 
dried bag shows no stickiness. 

d. Dissolve 4*/ 2 pounds of soda ash or lU/ 2 pounds of soda crystal 
(sodium carbonate) in 5 gallons of water. Dissolve 10 pounds of cop- 
per sulphate in 30 gallons of water in a separate vessel and add 2 
ounces of sulphonated pine oil. Dip the bags first in the soda solu- 
tion and then in the copper sulphate solution, then allow the bags 
to dry. 

e. Dilute asphalt emulsion with water so that bags dipped in the 
solution will dry to handle in 3 to 6 hours. This must be determined 
by trial. 
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Chapter 13 

DEFENSE OF AIRDROMES 
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141. General. — a. Airdromes are primary targets for attack by 
hostile forces. Attacks may be made to neutralize an airdrome and 
prevent its use by friendly aircraft, or they may be made to seize the 
airdrome in order to use it as a point of departure for further air or 
ground operations. 

b. The means made available for the defense of a particular air- 
drome depend on the type of attack to which it may be subjected and 
on the effect that its loss or neutralization will have on the tactical 
or strategical situation. There is no fixed method or means of defense. 

o. This chapter covers ground defense only, so far as it may be par- 
ticipated in by aviation engineers. Additional references are FM 
100-15, Training Circulars Nos. 47 and 73, 1941. and No. 31, 1942. 

142. Responsibility. — The defense of an airdrome is an integral 
part of the defense of the entire area in which the airdrome is located. 
The theater or territorial commander assigns adequate mobile reserves 
to support the airdrome. He may also assign units from the ground 
forces for local defense of the airdrome. The airdrome commander 
is directly responsible for defense of the airdrome. He commands all 
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units assigned for local defense and is responsible for their training 
and operation. 

143. Troops available for defense. — a. Personnel available for 
defense of an airdrome may be grouped as follows : 

(1) Ground crews, pilots, and flight crews off duty, and air force 
personnel connected with operation of the airdrome facilities; and 
quartermaster and ordnance personnel at the airdrome. Although 
primarily concerned with air force activities, they are trained in the 
use of infantry weapons. They may be used in close defense and in 
attacking disorganized parachute troops. 

(2) Aviation engineers. Their duties are covered in paragraph 144. 

(3) Air force defense units assigned to the airdrome. They in- 
clude the air base security battalion (T/O 7-415) designed especially 
for airdrome defense to provide a fixed defense force and a mobile 
striking force; antiaircraft and searchlight batteries assigned to pro- 
tect specific airdromes; and chemical warfare detachments, trained 
and equipped to combat chemical attack. 

(4) Ground force units assigned to the airdrome for local defense. 

(5) Mobile reserves from ground forces located where practicable 
to support two or more airdromes. 

b. A typical airdrome might have the following available for 
defense : 

(1) Personnel from two fighter squadrons based at airdrome, plus 
airdrome operational personnel and quartermaster and ordnance 
personnel. 

(2) One company of aviation engineers. 

(3) One air force security battalion (or one infantry battalion as- 
signed for local defense in absence of a security battalion) ; one anti- 
aircraft battery; and one chemical warfare platoon. 

(4) One infantry regiment in reserve at some distance from 
airdrome. 

144. Bole of aviation engineers. — a. Tactical. — Aviation engi- 
neers are trained and equipped for combat. Personnel are armed 
with Ml rifles, pistols, carbines, and bayonets. Each company has 
four caliber .50 machine guns for protection against low-flying air- 
planes. Each company also has one 37-mm gun and one half-track. 
The 87-mm gun is primarily for use against light tanks and armored 
vehicles but may be used against gliders or air transports which have 
landed. The half-track is effective in mopping up small groups of 
airborne troops. 

b. Technical.—*- Aviation engineers have important technical duties 
eonnected with airdrome defense. These duties are connected in gen- 
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eral with organization of the ground and construction of protective 
structures. Included are camouflage, installation of defensive posi- 
tions, construction of weapons emplacements, establishment of barriers 
for antimechanized defense and obstructions for preventing the land- 
ing of airborne troops, and demolition of the airdrome if capture 
becomes inevitable. These duties are planned and executed under 
engineer control in accordance with defense plans of the airdrome 
commander. Plans should be initiated as early as possible after move- 
ment into an area, even in the absence of instructions from higher 
authority. The engineer will obtain authority to proceed with this 
work if it becomes necessary. 

145. Forms of attack. — Attacks against airdromes may take any 
one or combination of the following forms : 

a. Sabotage. 

b. Chemical attack. 

o. Bombing and strafing. 

d. Airborne attack. 

e. Ground attack. 

146. Sabotage. — The danger of sabotage is always present. Al- 
though standard methods of combating sabotage include riotproof 
fences and electrically charged fences, extensive fencing is seldom 
practical on field airdromes. Reliance must be placed on an alarm 
system and upon alert, aggressive, armed guards. 

147. Chemical attack. — a. Chemical attack may be made with 
persistent gas, nonpersistent gas, toxic smoke, and screening smoke. 
Persistent gas, the most probable type of chemical attack, may be 
spread by bombs or spray from airplanes flying at any altitude. 
Screening smoke may be used in connection with airborne attack. 

b. Gas sentinels and a gas alarm system are an essential part of the 
airdrome alarm system. 

c. Protection against chemicals is obtained primarily by gas masks 
and protective clothing. Gas masks are carried or are immediately at 
hand at all times. Personnel should be issued protective clothing im- 
pregnated against persistent chemicals. Decontamination crews must 
have impermeable clothing. Protective ointment should be available 
for neutralizing liquid vesicant which may get on the skin. 

d. Runways contaminated with gas are a major problem. Chief 
item of equipment for their neutralization is the 300-gallon power 
driven, decontaminating apparatus. This unit has a wide spray for 
covering runways with decontaminating agent. Bomb craters and 
equipment are decontaminated with hand apparatus. Chemical war- 
fare personnel may be available for decontamination squads, but engi- 
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neer troops will be trained for such work. For training and other 
information regarding chemical attack see FM 21^40 and Training 
Circular No. 31, W.D., 1942. 

e. Methods of gasproofing are covered briefly in chapter 12. The 
existence of gasproof installations does not remove the necessity for 
protective measures listed in paragraphs 144, 145, and 146. 

,148. Bombing and strafing. — The types and effects of bombs are 
covered in chapter 12. Bombing may be from high or low altitude 
airplanes or from dive bombers. When the attack is made to neutral- 
ize the airdrome, the efforts will be directed at all types of installa- 
tions, particularly runways, parking areas, repair facilities, fuel 
storage, and antiaircraft batteries. When the bombing precedes a 
vertical envelopment, the attack is concentrated on defense installa- 
tions. Bombing avoids runways and facilities necessary for use by 
the invading force. All visible personnel are- systematically machine 
gunned from low-flying airplanes. The attackers strafe the edges of 
woods and all other obvious hiding places. 

149. Airborne attack. — a. Airborne troops include parachute 
troops and air landing troops. Air landing troops may be transported 
in powered aircraft or in gliders towed behind aircraft. 

b. The aircraft which carry parachute troops usually fly in a 
V-formation of three or four airplanes. During the jumping period 
the airplanes travel slowly at an altitude of from 200 to 400 feet. A 
platoon of trained men can land in an area 250 by 600 yards, a bat- 
talion in an area 700 by 1,000 yards. Time of descent from airplane 
to ground is from 10 to 25 seconds. At the time of descent, parachute 
troops are equipped with light weapons such as pistols, carbines, sub- 
machine guns, and grenades. Additional light weapons, ammunition, 
mortars, and food are dropped by separate parachutes, each of which 
may be a different color. Upon landing, parachute troops will attempt 
to organize and gather weapons. They arc extremely vulnerable dur- 
ing this period of organization on the ground . Time required for a 
unit to form for action averages about 10 minutes, but well-trained 
troops in favorable terrain will not require so much time. Assembled 
units on the ground will immediately start after preassigned objectives. 
Some will move as outposts to block roads and cut communications 
while others move against important terrain features, fortifications, 
or ground installations. 

c. Air landing troops require more favorable terrain to land in than 
do parachute troops. They attempt to find cleared areas near the 
airdromes — open meadow’s, river beds, or straight stretches of high- 
way — but they can crash land in very rough terrain. Gliders and 
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air transports can carry much heavier equipment than parachute 
troops. They may have light field artillery pieces, antitank guns, 
antiaircraft guns, light transportation, small tanks, and light equip- 
ment for the construction of suitable landing areas. Air landing 
troops require time to unload their equipment. They are most vul- 
nerable during the unloading and reorganizing 'period . 

d. Parachute troops and air landing troops may be used separately 
. or together, with either group preceding, in an attack. Normally the 
parachute troops land first as an advance guard to clear the way and 
to prepare areas for landing by gliders and air transports. 

150. Ground attack. — Although airborne attacks may be isolated 
operations they are normally made in conjunction with a mechanised 
ground thrust or a movement across water in the case of an island 
base. The defense of an airdrome against ground attack involves the 
same principles as defense of similar terrain without an airdrome. 

151. Flexible and mobile defense. — a. In a typical attempt to 
seize an airdrome, the first enemy move may be to land a few parachute 
troops as raiding parties the night preceding the attack. These raid- 
ing parties cut communications and do as much damage as they can 
to ground installations. At dawn there may be an intense air bom- 
bardment to neutralize defensive positions. Low-flying airplanes 
assist with ground strafing. During the' air attack, parachute troops 
land off the airdrome in areas free from defending troops or cleared 
by the air attack. The air attack continues to support the efforts of 
parachute troops to organize, attack objectives, and clear the way for 
air landing troops. Air landing troops broaden and deepen the com- 
bat area established by parachute troops. All attacking troops will 
have accurate maps and knowledge of all fortifications and installations 
which have not been well camouflaged. 

b. To meet this type of attack it is evident that it is necessary to 
set up an active defense prepared for any eventuality. A defense tied 
down to fixed defensive position will not be successful. Highly mo- 
bile local reserves are necessary. These reserves attempt to strike the 
landing troops before they can organize, to prevent them from collect- 
ing their equipment, and to destroy them, before they can organize. 
Airborne troops which have effected a landing and have organized 
must be attacked and destroyed before they can be further reinforced. 

152. Defense plans. — a. The organization of a flexible and mo- 
bile defense may be the responsibility of a ground defense officer ap- 
pointed by the airdrome commander. Normally the commander of 
the security battalion is the ground defense officer. If there is no 
security battalion, the commander of the engineer unit or of the 
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antiaircraft unit may organize the defense. The officer designated 
prepares plans which are coordinated with the plans of the air defense 
officer. 

b. Depending upon the time and personnel available, the defense 
plans range from general verbal instructions to an elaborate, detailed 
plan. In every case it covers the following points : 

(1) Observation, alarm, and communication system. 

(2) Camouflage and dispersion. 

(3) Organization of the ground — areas to be defended, weapon em- 
placements, fields of fire, obstacles and obstructions. 

(4) Assignment of personnel to assembly areas for combat or for 
shelter. 

(5) Damage control. 

(6) Defense against chemical attack. 

(7) Immobilization of vehicles not used by defenders. 

(8) Liaison with reserves and all possible supporting forces. 

(9) Demolitions to prevent seizure and use of airdrome by hostile 
forces. 

153. Alarm and observation system. — a. An effective alarm 
and observation system is the first essential in a plan for defense. The 
air force commander establishes an aircraft warning service in which 
provision is made to notify the local airdrome commander of the ap- 
proach of hostile aircraft. Information of approaching attack may 
also be received from, the antiaircraft artillery intelligence service. 
Sole reliance cannot be placed on the aircraft warning service, how- 
ever. Sentinels must be posted to give the alarm for approaching 
hostile aircraft. These same sentinels can be used to warn of chemical 
attack and to act as spotters in case of airborne attack. 

b. Observation posts should be selected so that any areas likely to 
be attacked are kept under continuous observation. Spotters must 
watch where all parachutists or air landing groups land and then 
direct friendly troops to these locations. 

c. The alarm and observation system is useless without a com- 
munication system consisting of telephone, radio, and improvised 
signals. The time interval is so short in airborne attack that vehicles 
or foot messengers will not be satisfactory. Telephone wires must 
be concealed, but even then they may be cut by bombing or by troops 
landed to disrupt communications. Although radios are less likely 
to be interrupted than telephones, attackers may jam radio bands. 
Radio messages are usually sent in the clear. Flags, pyrotechnics, 
and rifle shots will be among the improvised methods of supplement- 
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ing radio and telephone. Complete dependence cannot be placed on 
any one system of communication. 

154. Camouflage and dispersion. — a. It is not expected that an 
airdrome can be completely camouflaged, but every means taken to 
conceal or disguise the airdrome and its installations will assist in 
its defense. Camouflage is covered in detail in chapter 14. 

b. There is no justification for failure to disperse airplanes and 
ground installations. If targets for enemy bombers are spread out 
they will not be remunerative targets. 

155. Organization of the ground. — a. General. — The defense of 
an airdrome introduces no new principles in organization of the 
ground. However, requirements of dispersal areas, rules regarding 
obstructions, forbidden magnetic areas, and other restrictions neces- 
sary for operational purposes prohibit the use of many areas tac- 
tically suitable for fortifications. Terrain surrounding, the airdrome 
is studied carefully to determine where airborne troops can land and 
what avenues of approach are open to attacking ground forces. The 
ground is then organized to deny probable landing areas and routes 
of approach. This is accomplished by fire from fixed defended locali- 
ties, by obstacles, and by the use of mobile striking parties. Organi- 
zation of the grou/nd must leave the hulk of the troops away from 
probable bombing targets and located where they are free to meet 
situations as they arise. 

b. Fixed defended localities. — (1) Although the defense must not be 
static, at nearly every airdrome there are certain vital areas which 
should be kept under fire to deny their use by the enemy. In rough 
country which offers no suitable landing areas other than the existing 
runways, most of the defenders are situated to protect the runways. In 
more open terrain they must cover other possible landing areas ; where 
there are many possible landing areas, the bulk of the defending troops 
are kept mobile. In every situation the commander of the defending 
forces must evaluate the terrain to determine whether or not command- 
ing ground is so vital that it should be held by fixed defensive localities. 

(2) These defended localities fall into two classes : those on the air- 
drome proper and those outside the airdrome. Under no circum- 
stances is a ring of fortifications placed around the perimeter of the 
airdrome. Those within the airdrome are usually the more strongly 
defended. The positions are wired in, permit all around fire, and are 
supplied with reserve ammunition, water, and food. They consist of 
well-concealed entrenchments and open weapon emplacements, and, if 
time and materials permit, simple pillboxes. The size of the garri- 
son is the minimum consistent with the fire power needed. The de- 
fended localities off the airdrome normally are not designed for 
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permanent occupancy. The garrison must be free to leave the defenses 
to attack enemy troops who have landed in the vicinity but who cannot 
be brought under fire from the fortified position. A skeleton garrison 
may be left to man the defenses while the others are attacking. 

c. Need for concealment . — AH weapons emplacements and defended 
areas must be well concealed. Preliminary bombing and strafing will 
neutralize or destroy poorly camouflaged positions. In addition, the 
attackers, who will find it difficult to organize under any circumstances, 
will be even more severely handicapped if they do not know where the 
defenders are. Particular care should be taken to conceal protective 
and tactical wire. It should blend with the pattern of hedgerows, 
fence lines, and natural growth. 

d. Fields of fire. — (1) Since few of the airdrome defenses are fixed 
there will seldom be need for extensive clearing of fields of fire. Clear- 
ing must not give away positions. 

(2) Fire must be coordinated so that friendly troops do not fire into 
one another. With the situation changing as rapidly as it does during 
an airborne attack, only careful planning can prevent cross fire of 
friendly troops. 

e. Antiaircraft artillery. — Antiaircraft artillery is located some dis- 
tance from the airdrome. All antiaircraft weapons are sited to fire 
at ground targets as well as air targets and must be protected from 
surprise attack. 

f. Obstacles. — Obstacles are used to block the movements of ground 
troops and to prevent the landing of aircraft. 

(1) Enemy ground troops may consist of armored or motorized 
forces which have made a break-through or they may be airborne 
troops which have landed and organized. A barrier system against 
armored and motor vehicles should be planned in advance. Obstacles 
consist of the normal type of demolitions, road blocks, and mine fields. 
Attacking foot troops are impeded with booby traps, barbed wire, and 
any natural obstacles which can be used to restrict the available ave- 
nues of approach. Planning and execution of such barriers and ob- 
stacles is covered in FM 5-30. 

(2) Obstacles placed to prevent the landing of aircraft are called 
obstructions. Plans may call for blocking all suitable landing areas 
in the vicinity of the airdrome since enemy troops will attempt to land 
off the airdrome and then organize to attack it. Plans may also call 
for placing movable or temporary blocks on runways and landing areas 
normally used by friendly aircraft. Examples of movable obstacles 
are vehicles, heavy construction equipment, logs, rock-filled drums, and 
wire. However, permanent rather than temporary obstructions 
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should be placed in areas which are not used by friendly aircraft. 
Since enemy airborne troops are used to clear landing areas for hostile 
airplanes, obstructions must be difficult to remove. 

(3) Types of relatively permanent obstructions are cables, firmly 
anchored timber or steel posts, and ditches. Cables are easier to 
remove than the other types but can be placed quickly and easily con- 
cealed. Rows of posts are effective obstructions but require consider- 
able time to place. Although the aviation battalion has no machine 
for digging postholes, the ditching machine is an effective expedient. 
Ditches can be constructed rapidly with battalion equipment. The 
ditching machine followed by a grader, for example, can cut V-ditches 
■which will stop wheeled aircraft. When time permits, the spoil should 
be removed so that it will not be available for filling the ditches. 

(4) Camouflage requirements may considerably limit the extent of 
obstruction plans. In inhabited rural areas, cables may be placed 
to resemble fence lines, ditches may imitate drainage lines, and posts 
may be tied in with natural cover and obstructions; but in areas where 
an airdrome is successfully concealed or disguised, artificial obstruc- 
tions may be so revealing that it is better to leave only natural ob- 
structions in the surrounding areas. If the location of the airdrome 
cannot be concealed, the extent of obstructions is limited only by time 
and materials. 

156. Assembly areas. — All personnel keep gas masks, weapons, 
and ammunition close at hand. When the alarm sounds they will 
report to previously designated assembly areas, armed and ready for 
combat. 

157. Damage control. — The airdrome cannot continue to operate 
under attack unless vital installations and equipment are protected 
during attack. Dispersion and protective construction are passive 
means of damage control, but they are not sufficient. Crews must be 
organized to control and repair damage as it occurs. Detailed fire 
plans and efficient fire fighting squads are necessary for action against 
incendiaries. Crews must also be organized for repair of runways 
(see ch. 11) and the maintenance of communications. 

158. Immobilization of vehicles and equipment. — Attacking 
airborne troops attempt to capture vehicles and equipment and con- 
vert them to their own use. Plans should therefore make for quick 
immobilization of all vehicles not needed by the defenders. Common 
methods of immobilization include removing keys and the distributor 
and ripping out essential wiring. 

159. Plans for liaison with supporting units. — Defense plans 
should be coordinated with those of all general reserves which may 
be called in to assist in defense. These units should be familiar with 
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the organization of the ground before they are called in as reserves. 
For example, range data cards may be made for field artillery whether 
the artillery pieces are in local defense or reserve. 

160. Demolition of the airdrome. — a. The complete demolition 
of an airdrome is a major operation which requires considerable time 
and a tremendous quantity of explosives. It is easier to build an 
airdrome than it is to destroy it. The decision to prepare an air- 
drome for destruction is made by the commander concerned, but his 
decision should be anticipated by the engineer commander. The engi- 
neer should plan for demolitions from the beginning of construction. 

b. Time may .prohibit complete demolition of an airdrome. The 
following list suggests priorities and personnel for demolition : 

( 1 ) Runways and taxi ways — aviation engineers. 

(2) Balance of landing area — aviation engineers. 

(3) Routes of communication to the airdrome — engineers. 

(4) Construction equipment at the airdrome — aviation engineers. 

(5) Technical buildings — air force ground troops with engineer 
help. 

(6) Supplies of gasoline, oil, and bombs — air force ground troops. 

(7) Motor vehicles and unserviceable aircraft — air force ground 
troops. 

(8) Housing — air force ground troops with engineer help. 

c. Runways present the most difficult problem. To assist in destruc- 
tion of the runway by cratering, explosives can be placed in all drain- 
age culverts. If the demolition planning starts prior to construction, 
additional culverts can be placed in all fills. This involves little extra 
work during construction and provides a means of placing explosives 
under the runway. A rope should be run through the culverts when 
they are first placed to allow bangalore torpedoes or other forms of 
charges to be drawn through. Culverts should be of simple wood box 
or tile construction, may be placed about 3 feet deep, and should have 
inside dimensions of about 6 inches on a side. 

d. Although an airdrome has been abandoned, friendly artillery may 
still be within range of the site. Since an airdrome is usually an easy 
target on which to register, artillery fire may prevent the enemy’s 
using the airdrome. 

e. If there are a few hours available for destruction of an airdrome 
after it has been abandoned by friendly aircraft, the landing field may 
be destroyed with aviation engineer equipment. Provided the run- 
ways are not concrete, a rooter and a bulldozer can cut wide, deep 
anes across any suitable landing areas. Booby traps planted in 
damaged areas, underneath dirt and tied to obstructions, will slow up 
rehabilitation efforts. 
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AIRDROME CAMOUFLAGE 
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161. Scope. — This chapter covers certain phases of airdrome cam- 
ouflage particularly applicable to aviation engineers. It is supple- 
mentary to the material contained in TM 5-266. For a comprehensive 
coverage of camouflage see FM 5-20. Detailed information on cam- 
ouflage materials is contained in TM 5-269. This chapter contains 
technical data not found elsewhere and the methods of employment 
of camouflage personnel. 

162. Filins. — The following films are available for camouflage in- 
struction: TF 5-648, TF 5-649, TF 5-646, and an Engineer Board 
film on pierced plank runway mat which covers many camouflage ex- 
pedients. 

163. Definition. — Camouflage is protective concealment; it in- 
cludes means of hiding or disguising yourself from the enemy; of 
misleading him as to your position, strength, and intention, and of con- 
fusing him so that he wastes his blows. 

164. Value and purpose. — a. Airdromes are generally beyond 
the range of hostile artillery fire. Defense of airdromes is primarily 
against aerial attack. Camouflage as a means of decreasing the ef- 
fectiveness of aerial attack is an important weapon of defense. 
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5. Although airdrome camouflage attempts to hide or disguise the 
airdrome from the aerial observer, it is to be expected that the enemy 
will be able to learn the general location of the airdrome through care- 
ful study of aerial photos, observation of normal unavoidable activi- 
ties, and through intelligence reports. However, successful precision 
bombing can be accomplished only when the target is clearly visible 
in the bomb sight. In most instances it is not the intent of camouflage 
to conceal airdromes completely but to reduce their visibility to a point 
where the enemy bombardier will have difficulty in obtaining a clear 
sight from the distance necessary for successful bombing. It should 
be recognized that the bombardier operates under handicaps due to 
high speed, considerable altitude, antiaircraft fire, and fighter defense. 
Successful airdrome camouflage forces the enemy to approach the 
target at lower altitudes, take two or more runs over the target, or 
employ a greater number of bombers to accomplish the desired results. 
In these cases antiaircraft defenses have a better opportunity to inflict 
damage and tighter airplanes have more time to attack. 

165. Airdromes as aerial targets. — Because of size, airdromes 
are comparatively easy targets to identify from the air. The ways 
in which the enemy pilot can most easily locate and definitely identify 
an airdrome are — 

a. Landmarks in the immediately vicinity. These include char- 
acteristic coast features, lakes, mountains, towers, or highway inter- 
sections. Such landmarks, if located within a mile or two of the air- 
field, may become direct reference points upon which the bombardier 
may aim. Thus the airdrome can be successfully bombed even though 
it is concealed from view completely. 

b. Form and bulk of an airdrome. Runways necessarily must be 
long and straight, and if hangars have been erected, their size alone 
makes camouflage difficult. Any symmetrical geometric pattern of 
roads, runways, or buildings is helpful to the enemy. 

c. Shadows cast by man-made construction. Frequently these are 
more visible than the structure itself. 

d. Texture. Texture is the degree of roughness of a surface and its 
ability to cast shadows within itself. For example, from the air the 
surface of a runway will appear lighter than the adjacent turf because 
light is reflected from the runway and absorbed by the turf. The run- 
way has less texture than the turf. The heavier or taller the growth of 
natural foliage, the deeper the texture is and the darker the appearance 
from the air. Texture identifies many features of the airdrome . 

e. Color is usually the least important consideration. When viewed 
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from higher altitudes colors tend to lose their identity to a considerable 
degree. 

/. Night lighting of runway or bivouac area which may identify 
the airdromes. 

166. General methods of camouflage. — The following general 
classifications cover the methods by which airdromes are camouflaged : 

a. Darkening , or Honing down.” — This generally involves painting 
or texturing all highly reflective surfaces, such as concrete runways 
and buildings. 

b. Deception. — This involves changing the identity of the installa- 
tion to make it appear from the air as something other than an air- 
drome. For example, an airdrome with a hangar might be treated 
to represent a farm surrounded by plowed fields and pastureland. 
Figure 142 shows one detail of an effort to change the identity of an 
airdrome. 

c. Decoys . — Decoy installations are used to advantage to distract 
the attention of enemy bombers. One or more decoys located at a 
suitable distance from the airdrome may effectively conceal it by 
focusing all attention on the false installation. Figure 143 shows 
an entire decoy field. Figure 144 illustrates a typical decoy. Other 
decoys are shown in figures 168 and 169. 

d. Complete concealment. — Instead of merely reducing the visi- 
bility of installations, an attempt may be made to conceal them com- 
pletely. Ground patterns of the surrounding terrain may be extended 
over runways, nets may be erected on visible buildings, and flat-tops 
may be placed over parked aircraft. A partial attempt at complete 
concealment is shown in figure 146. 

167. Site selection and lay-out. — Chapter 6 covers the details 
of site selection. The engineer who assists in site selection should 
give camouflage full consideration in selecting a site and in making 
the preliminary lay-out of the installations. 

а. Dispersion. — Although dispersion increases the difficulties of 
communications and servicing, it is essential to allow for it in site 
selection. Dispersion permits the best use of the existing ground 
pattern and natural concealment and reduces the damage caused by 
bombing. {See figs. 44 to 51, incl.) 

б. Landmarks . — Properly chosen location for an airdrome will not 
be in the immediate vicinity of any prominent landmarks, converging 
roads and railroads, or other points which can be used as reference 
points by enemy bombers (see par. 165a). 

c. Undesirable terrain. — Where possible, sites with uniform tone 
and texture should be avoided. Woods are ideal for concealing build- 
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ings, equipment, and personnel, but the slashes made by 
set the advantage gained by concealing smaller installations, 
ways in a broad expanse of grassland are just as obvious. 

d. Desirable terrain . — The ideal terrain for an airdrome 
variety of patterns. An area of woods, brush, grassland, a 



Figure 142. — Press trailer treated to resemble barn from the air. Note large proportion 

of local materials used. 



of varied crops aids concealment. One more change of texture is not 
evident and a properly executed camouflage plan can retain the broken 
pattern. 

e. Irregularity of lay-out . — Straight roads and straight rows of 
buildings and hangars are to be avoided. Since there are no straight 
lines and no geometric shapes in nature, such lay-outs automatically 
catch the eye of the enemy bombardier. 
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Figure 144. — Decoy truck. Although not of themselves important targets, such shams 
add realism to decoy airdromes and other false installations. 
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® Airdrome before camouflage. 



Note characteristic appearance of adjacent fields due to 
contour plowing. 

Figuere 145 . 
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© Airdrome after camouflage. Typical contours have been carried over the runways 
dummy roads and an orchard have been added. 
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Figure 145 — Continued. 
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Figure 146. — Details of airdrome shown in figure 145. Note dummy road, painted hedges, trees, and ground contour, and dummy basin in 

which press trailer is hidden. 
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168. General. — a. Successful camouflage cannot be added like a 
coat of paint to a completed installation. Throughout the planning 
and construction of any new site, camouflage plans must be tied in with 
construction plans. 

6. This section covers camouflage considerations in connection with 
planning for construction. Although the duties of the camouflage 
officer and camouflage section are treated in connection with the engi- 
neer aviation battalion, the same responsibilities apply to any officer 
and section charged with camouflage in connection with airdrome 
construction. 

169. Organization of battalion camouflage section.— In the 
engineer aviation battalion there is one officer especially trained in 
camouflage. The section to assist him consists of 1 noncommissioned 
officer and 10 men. The camouflage officer is responsible for drawing 
up the camouflage plan and for its execution. His program should be 
carried out step by step with the construction program. The members 
of the section assist in handling camouflage supplies, in supervising 
camouflage construction, and in maintaining camouflage discipline. 

170. Reconnaissance of selected site. — When the battalion com- 
mander and S-3 go forward to reconnoiter a site selected for a new 
airdrome, the camouflage officer goes with them to determine camou- 
flage requirements. The camouflage plans are then coordinated with 
S-3. Included in the plans is a labor estimate and an estimate of 
camouflage materials - required. The materials estimate is given 
to S-4. 
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171. New construction. — a. New construction should be held to 
a minimum. It is essential to retain the existing character and pattern 
of the surroundings in the development of a new site. The less inter- 
ference with the pattern and features of the ground the better the 
concealment. Where disturbance is unavoidable, ground scars should 
be confined to construction areas as far as possible. Any changes and 
additions should be designed to blend, not contrast, with general 
surroundings. 

b. Only that portion of the area required should be altered 6r devel- 
oped in any way. . New roads, runways, taxiways, and ditches should 
be located along existing ground lines ; roads should be planned to lead 
to some logical destination. Existing roads, trails, and fence lines 
should be incorporated into the new lay-out as lines of communication. 
Existing buildings are utilized where possible. 

172. Preservation of natural plant materials. — There are few 
more effective methods of screening such features as buildings and 
roads (fig. 147), dispersed aircraft (fig. 148), and communications 
than by the use of trees, shrubbery, and other plant materials. They 
should be removed only where actual construction makes it necessary. 
All clearing and topping of trees should be done along irregular lines 
except where the existing ground pattern indicates otherwise. For 
best results, the limitations of clearing and the location of useful trees 
and tree masses should be noted on the ground plan to insure their 
preservation when laying out the buildings, runways, and other units. 

173. Runways. — a. Criteria for runway lay-out and dimensions 
are given in chapters 5 and 6. However, the position and type of 
runway should not be determined solely by ease of technical construc- 
tion. Both technical and camouflage aspects should be considered. 

b. In spite of limitations as to size and direction of runways, there 
are usually several possible locations for any particular runway. Time 
spent in determining the best location may be made up by ease of 
camouflage of that location. Clearing is normally required adjacent 
to runway areas but such clearing should be held to the minimum 
necessary for operation. Low trees, scrub growth, and shrubbery fre- 
quently can be left. 

c. The common types of runways in order of increasing difficulty 
of concealment are — 

All-over turf fields. 

Sodded runways. 

Open mesh steel runways. 

Stabilized soil runways. 
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Figure 147. — Natural camouflage. Utilization of existing foliage for concealment elimi- 
nates need for extensive artificial camouflage. 



F 



iguue 14b. — B-18 located under trees. Very little supplementary work is necessary to 
bide this airplane from aerial observation. 
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Figure 150. — Use of a garnished net drape to conceal 
otherwise would be very conspicuous from the air. 
cover if cover existed. 



a gasoline tank whose shadow 
Tank would be situated under 
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Bituminous runways. 

Concrete runways (not topped with bitumen). 

No matter what surface is used, its finish should generally be dark 
colored and rough textured. An exception to this is in an area of 
light colored sand. 

174. Taxiways. — Taxiway design is similar to runway design. 
Existing roads can often be converted into taxiways and new taxiway 
construction should follow the pattern of established roads. 

175. Drainage. — Open V-type ditches are used to drain most run- 
ways. For camouflage purposes they should be as irregular in lay-out 
as possible and should have gently sloping sides. Sod, grass, vines, 
and other fast-growing plant materials assist concealment of ditches. 




Figure 151. — Use of large flat-top to conceal airplanes in revetment where natural cover 

does not exist. 



176. Lighting. — Night lighting installations should not obvi- 
ously reveal the extent and location of the runway areas. Portable 
lighting sets (see ch. 6) have dimmed, shielded lights which are vis- 
ible only from certain altitudes and angles of approach. 

177. Facilities. — The facilities for housing, servicing, and supply 
must be as well concealed as the runways, taxiways, and drainage 
system. Existing buildings should be utilized wherever possible, even 
to the extent of moving them to the new location. Where new con- 
struction is required, the size, shape, color, and materials should con- 
form to those of surrounding areas. Nets, drapes, and artificial gar- 
nish must be used where cover is insufficient (figs. 150, 151, and 152). 
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Figure 152. — Although building has been sited under cover, nets and artificial trees are 

used to help break up form and shadows. 
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178. Moving into bivouac. — a. From the time the first man or 
vehicle arrives at a construction site, the camouflage section is respon- 
sible for maintaining camouflage discipline and for supervising the 
execution of the camouflage plan. It is necessary, therefore, that 
camouflage personnel be present when the advance party goes for- 
ward to lay out a bivouac area for the construction crew. Before the 
main body arrives, the area should be set up to preserve the natural 
features of the site which assist in concealment. 

6. The camouflage officer makes up a complete traffic control plan 
which is submitted to S-3 for approval. Men and vehicles are moved 
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over predetermined, covered routes. Traffic guards guide traffic along 
the proper roads; roads and paths are wired and taped; numerous di- 
rectional and disciplinary signs such as “Keep on wired paths” are 
posted, and exposed areas are designated as “Off limits.” 
c. All areas for occupancy for men and equipment are marked off. 
The location of each tent, building, latrine, garbage dump, and vehicle 
is definitely established before the area is used. 



179. Difficulty of task. — A great deal of effort is required to 
maintain camouflage discipline of the bivouac area alone. It is essen- 
tial work which must be performed if the site is to be concealed 
properly. (See fig. 153.) 

180. Camouflage on the job. — Natural vegetation is retained 
as much as is consistent with the construction plan. Only constant 
supervision by the camouflage officer and his assistants will prevent 
violation of the plan. During the clearing operations, only marked 



Figure 153. — Wired paths, constant supervision, and cooperation by all personnel consti- 
tute good camouflage discipline. Note concealed dump at the right, overhead cover 
for the path, and treetops wired together over open space in the background. 
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trees and bushes are cut or topped ; all others are left untouched. The 
movement of tractors, scrapers, and other equipment is checked con- 
tinually to make sure that their operation is confined to the necessary 
areas. 

181. Concealment of equipment during* raids. — Construction 
equipment should be assigned dispersed parking areas under cover, 
to be used if an air attack occurs while the equipment is working 
out in the open. There will be enough time to hide the equipment if 
an effective air-warning service is in operation. 

182. Units occupying airdrome. — Before construction is com- 
plete, tentative traffic control and camouflage discipline plans should 
be made for the air force units which are to occupy the airdrome. 
Camouflage of the engineer bivouac area and of the airdrome facilities 
is wasted if other troops do not carry out the same plan as soon as they 
occupy the airdrome. Since a completed airdrome will normally have 
only a small detachment of engineers, the air force units should desig- 
nate responsible camouflage officers. The engineers who have devel- 
oped the site should render all assistance possible prior to leaving 
the airdrome. 

Section IV 

# 

MATERIALS 

Paragraph 



General * 183 

Screening materials 184 

Texturing materials 185 

Coloring materials 186 



183. General. — a. An extensive variety of natural and artificial 
materials may be used in camouflage work. Natural materials are 
generally desirable because they match local color and texture, are 
generally available in abundant quantities, and reduce the amount of 
supplies needed from depots. Artificial materials are used to supple- 
ment natural materials and to conceal permanent installations. They 
are a necessity when natural materials are not available. (See TM 
5-269 for detailed information on camouflage materials.) 

b. Camouflage materials may be divided into three general types: 
screening, texturing, and coloring. 

184. Screening materials. — Among the common screening ma- 
terials are twine nets, woven paper nets, chicken wire, garnishing 
materials, and supporting materials. 
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a. Twine nets are issued in eight sizes:. 

12 by 12 feet 
22 by 22 feet 
14 by 29 feet 
17 by 36 feet 
20 by 60 feet 
29 by 29 feet 
36 by 44 feet 
45 by 45 feet 

Since twine nets shrink when wet and expand as they dry they must be 
adjusted with changes in weather. They are light, fold into a small 
space, and are good temporary covers for flat-tops. Shrimp nets are 
similar to the nets just mentioned, but have a smaller mesh and may be 
used as drapes for vehicles without garnishing. 

b. Woven papet' nets are made of waterproofed and fireproofed 
woven paper and are used for the same purposes as twine nets. 

c. Chicken wire is issued in 6- by 150-foot rolls. It is used in a 
manner similar to twine and paper nets but is of a more permanent 
nature. Compared to a net, it can bridge a longer gap without sag- 
ging, will not shrink or expand in changing weather, and is relatively 
fireproof. Because of stiffness, chicken wire cannot be used as a drape 
but is suitable for construction. 

d. Garnishing materials (fig. 147) are continually being developed. 
The most common types are as follows : 

(1) Osnaburg , a low cost cotton fabric similar to heavy unbleached 
muslin. It is usually issued in packages of 10 rolls, each roll being 
2 inches wide and 100 yards long. The cloth as issued may be white 
(unpainted) or it may be painted in any of the standard camouflage 
colors. Although normally issued in convenient strip size as indicated 
above, osnaburg may also be issued in bales about 1,000 yards long and 
either 30 or 40 inches wide. 

(2) Burlap , issued in the same sizes and colors as osnaburg, and 
generally similar to it for camouflage purposes. 

(3) Steel wool wire netting (fig. 154), made of steel wool mounted 
on chicken wire or welded web wire. It is issued in 6- by 75-foot rolls, 
takes paint readily, and has excellent texture. 

(4) Vegetable -fibers such as tula, seaweed, kelp, thatch, and Spanish 
moss are treated vegetable growths used in localities where they are 
plentiful. 

(5) Chicken feathers fastened to chicken wire with an adhesive are 
an excellent garnishing expedient (fig. 155). 
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llustrates chicken wire garnished with osnahurg. 
ol. Net on right is experimental metal net. 
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e. Supporting materials such as stakes and wire are necessities for 
supporting many camouflage structures. Stakes are usually of natu- 
ral materials of suitable diameter cut into lengths desired. For per- 
manent installations, finished lumber or steel tubes may be used. The 
most common sizes of wire are No. 10 and No. 16. Both sizes are 
issued in 100-pound rolls. The No. 10 roll is about 2,000 feet long, 
while the No. 16 roll is 9,800 feet long. 

185. Texturing materials. — a. General . — Texturing should be 
done with a material which can be firmly secured to the pavement with 
an adhesive, which will not cause skidding or ground looping, and 
which is available locally in quantity. Among the materials used for 
texturing are sawdust (large cut), chopped corncobs, cottonseed hulls. 




Figure 155. — An easily constructed device for attaching feathers to chicken wire. The 

result is an effective garnish. 



wood chips (fig. 156), and fine aggregate. Chicken feathers are used 
for texturing surfaces as well as for garnishing nets. 

b. Application . — Paved surfaces must ordinarily have a certain de- 
gree of texture before coloring is applied. Suitable texture may be 
obtained during surface course construction or by special surface treat- 
ment following pavement construction. 
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(1) When the situation permits, texture can be provided during con- 
struction by either a mixed-in-place bituminous surface course using 
macadam aggregate (par. 122/) or a plant mix with a coarse graded 
aggregate (par. 1224). Variation in texture to obtain the pattern 
desired in different sections of the runway is obtained by varying the 
maximum size of coarse aggregate mixtures. Usual range of maxi- 
mum size is from y 2 inch to 1% inches. 

(2) Previously constructed bituminous surfaces which do not have 
suitable texture may be surface treated, using the procedure for apply- 
ing seal coat (par. 122 d). The rules for good construction practice 
given in chapter 10 apply to camouflage work. Any of the bituminous 
materials listed in table XXXVI may be used for the seal, but RC’s 
and asphalt cements applied hot are preferred. Rate of spreading 
seal coat must be adjusted to provide proper adhesion of texturing 
material. Normally the rates suggested in paragraph 122 d are satis- 
factory, but for coarse texturing material a rate of 0.3 or 0.35 gallon 
per square yard may be necessary. Texturing material should be 
spread immediately after the bituminous seal is applied. 

(3) To insure adhesion of seal and texturing material on concrete 
or old bituminous surfaces, it is desirable first to clean the surface by 
brooming, then prime it while dry with a fluid RC cut-back spread at 
about 0.1 gallon per square yard. Cut-back asphalt RC-0 is a suit- 
able primer if an asphaltic seal is used. If RC-0 is not available any 
other RC cut-back may be diluted to proper fluidity with gasoline or 
kerosene. Creosote oil is a suitable primer if a tar seal is used. The 
prime coat is followed by a seal coat as in (2) above. 

186 . Coloring materials. — a. The standard camouflage colors 
are known by the following names and identifying numbers : 

(1) Light green. 

(2) Dark green. 

(3) Sand. 

(4) Field drab. 

(5) Earth brown. 

(6) Earth yellow. 

(7) Loam. 

(8) Earth red. 

(9) Olive drab. 

(10) Black. 

(11) White. 

5. Camouflage paints are quite different from ordinary commercial 
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paints. They are flat and opaque and have been specially developed 
for easy application and recoating. The types of paints most 
commonly used are as follows: 

(1) Oleoresinous paint is the best all around camouflage paint. 
It is issued in paste form and is stable at temperatures from — 40° F. to 
160° F. In temperatures above freezing it is thinned with water, 
while for those below freezing it may be thinned with gasoline, min- 
eral spirts, or kerosene. The coverage for osnaburg is 250 to 300 
square feet per gallon of paint which is one part by volume of paste 
to three parts of water or gasoline. For steel and wood its coverage 
is approximately 250 square feet per gallon of paint which in this 
case is one part paste to one part water or gasoline. Oleoresinous 
paint is furnished in the standard camouflage colors. It will last for 
about 6 months of exterior exposure. 

(2) Gold water protein paint consists of a mixture of casein, or 
other type of protein, and a suitable pigment. It is issued in either 
powder or paste form and is reduced with water to the desired con- 
sistency. It is used principally on fabrics. One gallon of paint 
composed of two parts paste or powder and one part water will cover 
100 to 150 square feet of osnaburg. It will usually be supplied in 
the standard camouflage colors, but old stocks may contain such colors 
as yellow ochre, burnt umber, iron oxide red, burnt sienna, and blue. 

(3) Ready mixed oil paints are used for painting vehicles and per- 
manent installations. They are suitable for toning down wood, 
brick, and steel structures. Oil paints should not be used on bitu- 
minous surfaces; this particularly applies to roofs covered with 
bitumen-saturated felt or paper. 

(4) Bituminous emulsions colored with pigments can be mixed 
with water to the consistency desired for painting. This type of 
paint is relatively slow drying but is useful for toning down smooth 
or paved surfaces such as roofs, roads, and runways, and for painting 
disruptive patterns (fig. 157). It is also suitable for use as an adhesive 
for texturing materials. 

(5) Old crankcase oil and cut-hack asphalts may be available, but 
they have a limited application. 
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187. Erection of permanent flat-top (fig. 158). — The follow- 
ing method of construction lends itself to any size or shape of cover 
and may be used to support either a garnished net* or plain chicken 
wire used as a base for natural material : 

a. Lay posts about 12 feet apart in each direction in the area to be 
covered. 



c 



iOOQ 

W 



290 

UNIVERSITY OF CALIFORNIA 



J 




AVIATION ENGINEERS 



TM 5-255 

187 



b. Drive the outside row of posts into the ground so that they will 
stand alone, and drive strong guy stakes about 12 feet out from them. 

c. Drive two nails about 1 inch apart in the head of each post. 

ADDITIONAL POSTS AND WIRING MAY 
BE ADDED TO THE ABOVE STRUCTURE 
TO FORM ANY IRREGULAR SHAPE. 



ONE METHOD OF 
COVERING THESE 
EXTENDED AREAS 
IS BY TYING GAR- 
LANDS TO A LIGHT 
WIRE FRAMEWORK. 




EXTENDING IRREGULARITIES WITH GARLANDS 



(•-ABOUT 8'*) 




USE FRICTION TAPE 
OR KINK WIRE TO 
PREVENT SLIPPING 



PLAN 



DOUBLE GUY 
TWISTEC 




^WIRE RAISED TO FINAL POSITION^ 
^NviRE BEFORE S EAT|"nG~ ON POSTS''**" " 



W>yW ' W W 
’"'POSTS''^' 



9 ^: 

ELEVATION 



w wm iwy i 

GROUND LEVEL' 






DOUBLE GUY 
READY TO 
'TWIST 
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d. Wind one end of the wire coil around the head of the corner 
post, 1 foot from top, then take a turn about the guy stake and back 
over the top of the post between the nails, forming a double guy. 
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e. Stretch the wire along the line of the posts, using several men. 
Support the wire by a nail 1 foot below the top of the last post of 
the row, then give it a turn around the guy stake, bring it back and 
make it fast 1 foot from the top of the post. Cut the wire from the 
coil at this point. 

/. Push wire up over tops of the posts in the row and seat it between 
the nails, thus stretching it tight. 

g. Proceed thus with each row of posts. Then in the same manner 
run wires at right angles to the first series, forming squares. 




Figure 159. — Unrolling wire mesh cover over framework of flat-top. 



h. Run the diagonal wire across each line of posts, placing the wires 
between the nails. 

i. Tighten all guy wires by twisting with rack stick or a large nail. 
Tighten diagonal wires in the same manner at all crossings. This 
tightens the whole frame. 

j. Clinch nails over the wires. Drive them down flat to avoid catch- 
ing the net when spread. 

k. After erection any of the interior posts may be shifted in position 
to accommodate the needs of the occupying troops without affecting 
the stiffness of the frame. By placing additional posts on the edge 
and wiring them as above, any irregular shape may be made. 
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188. Erection of roll -type flat-top. — a. This flat-top, used for 
antiaircraft guns, is constructed in the same manner as the permanent 
flat-top already described, with the exception of the roll-top covering 
the embrasure in the center. Design of the rolling top is shown in 
figure 160. The 2- by 4-inch runners BC and DE must be kept in line 
or the roller will bind. The exact height of the flat-top will depend 
upon the depth of the weapon emplacement. 

6. To attach the chicken wire to the frame, place a strip the full 
length of the top parallel with the runners and with the outside edge 
a few inches from the wire frame. Attach the ends and the outside 
edge of the chicken wire to the frame. Lay another strip parallel to 
the first and about 6 inches from the first. Attach ends to frame, edge 
to the under side of the runner and then stretch and tie inside edges 
together. Bepeat on other side, then fill in the center and areas F 
and G. 

o. Use No. 16 wire to tie and stretch chicken wire together. The 
runners must always be kept in line; constantly sight along them to 
keep them straight. This cover can be garnished in the usual manner. 

d. The following materials are required for a typical roll flat-top : 
2,300 square feet chicken wire 
8,000 linear feet No. 10 wire 
300 linear feet No. 16 wire 
41 2" x 4" stakes 
182"x4"x6'6"posts 
4 2" x 4" x 14' runners 
4 2" x 4" x 10' runners 
8 1" x 3" x 12' runners 
8 2" x 3" x 10' runners 
4 2" x 3" x 11' runners 
36 linear feet 2" x 7" braces 
8 ^4" bolts 5" long 
y 2 pound nails 

189. Erection of terraced flat-top. — a. The terraced flat-top 
(fig. 161) is a variation of the usual type. When the height of the 
top exceeds 6 feet, lower levels are added around the edge to break up 
its height and to lessen its shadow. Design and construction methods 
are identical with the preceding flat-tops except that in this case one 
side has been left open to serve as an entrance for the airplane to be 
hidden. 

b. For a flat-top 12 feet high, terraces are spaced 4 feet apart in 
height and extend 6 feet out from the sides of the main top. Where 
protection from oblique observation is desired each lower level should 

293 

oy v rt n i v. UNIVERSITY OF CALIFORNIA 



TM 5-255 

189 



CORPS OF ENGINEERS 




n 

EMBRASURE 

OPEN WHEN 



TOPS ARE 
ROLLED BACK 




<i — Q 



Fc 

r 



r TrT 




ELEVATION 







A 



V ^ 





PERSPECTIVE 

Figure 160. — Roll-type flat-top. 
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extend under the next higher distance equal to the difference in height. 
These levels are covered, garnished, and guyed in the same manner as 
the main top. 




TO SUPPORT 
LAPPED- UNDER 




c. The following materials are required for the terraced flat- top 
illustrated : 

10 corner and side posts 4" x 4" x 14' 

14 posts 2" x 4" x 10' 

14 posts 2" x 4" x 6' 

21 stakes 2" x 4" x 5' 

28 stakes 2" x 4" x 3' 
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650 feet 2" mesh chicken wire 6' wide 
3,200 feet No. 10 wire 
500 feet No. 16 wire 
80 No. 10 nails 

190. Erection of fly-top. — a. The fly-top (fig. 162) is designed 
to conceal a pyramidal tent, truck, or press trailer (fig. 142). It is 
a permanent structure. However, unlike the other permanent struc- 
tures, it may be easily dismantled and moved. To adapt this cover 
for vehicles, eliminate the tent, leaving the tent post for the support 
of the ridge pole. 

b. Materials required for the fly-top illustrated are- 
10 stakes 4' long 
10 stakes 3' long 
6 poles 7' 6" long 
2 poles 14' long 
1 pole 30' long 

1,000 feet or 50 pounds No. 10 wire 
5 pieces garnished chicken wire 6' x 32' 

500 feet or 5 pounds No. 16 wire 
20 3' stakes 

191. Erection of cantilever flat-top. — The cantilever flat-top 
(fig. 164) is designed to allow a full 180° field of fire with a machine 
gun by doing away with one corner post. The 2- by 4-inch diagonal 
cantilever supports the extended corner of the top. Garnishing is done 
in the same manner as for the large flat-tops. 

192. Field paint rack (fig. 165). — a. This rack provides a lay- 
out for wholesale dyeing and cutting of garnishing materials in the 
field. The paint rack is built entirely of 2 by 4’s. It should be located 
in the shade so that dyed material will dry slowly, allowing the binder 
in the paint to set. Otherwise, the paint will dust off while handling. 
The 40-inch material is folded into fourths (fig. 166 0) to allow it to 
pass under the stick in the bottom of the G. I. can and up through the 
wringer (fig. 166 ®). It is then spread out and draped over the 
1- by 1-inch sticks to dry, as shown. The dried material is taken from 
the other end of the rack and cut into 5-foot lengths (fig. 166 (3)), 
rolled tightly and chopped into 2-inch sections with a sharp hatchet 
(fig. 166 ®). This produces 2- inch by 5-foot garlands. 

b. Materials required to construct this plant are — 



400 feet 2" x 4" lumber 
200 feet 1" x 1" lumber 
5 feet wire 
1 wringer 



1 G. I. can 
1 hatchet 
1 knife or scissors 
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Figure 162. — Fly-top. 
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193. Methods of garnishing (fig. 167). — Garlands produced 
by the above process are woven into fish nets or chicken wire to form 
a cover for the various flat-tops. Geometric designs should be avoided. 
When garnishing is complete the proportion of coverage should 
diminish from a thick 90 percent at the center, through 50 percent 
halfway to the edge, to almost nothing at the edge. The garnished 
area should not run to all edges but should be of an irregular shape. 
The thickly woven portion conceals what may be under it and the 
thinned edges cast a faint shadow which merges into the terrain. 




Figure 1G3. — Erection of fly-top. Feather garnished chicken wire is used. 



194. Folding nets. — Proper folding of nets produces a compact, 
easy to handle bundle which unfolds conveniently. One method of 
folding nets is as follows: First, spread the net flat on the ground and 
line up men grasping the edge at close intervals on the long sides 
(fig. 167). The m,en simultaneously fold the edge in about 18 inches 
and link their fingers in the net at that point. They repeat this process 
for succesive folds, hold all previous edges with their fingers, and 
move forward as necessary, until the two lines meet in the center. 
The second step consists of lifting one pile of folds up onto the other. 
This makes a long flat roll of folds. The end men perform the final 
step by folding the ends into the center, placing one section over onto 
the other, and tying up the bundle with rope. 
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© The wide roll in folded into four thicknesses before entering cun of paint. 




© The doth pufttfea under n broom Ini mile through paint and up through wringer whk+ti 
s«]iierz«H out excess point. The cloth is then unfolded to its full width and hung In 
long loops on the drying ruck. 



Fiuiruti 106. — Operation of the portable paint rack. 
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® The dried material is cut into 5-foot lengths and rolled up snugly. 




® Rolls are cut with a sharp hatchet into 2-inch sections, producing a garland 2 inches by 

5 feet. 

Figure 16G. — Operation of the portable paint rack — Continued. 
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195. Construction of decoy airplane. — a. Figure 168 shows a 
simple and inexpensive design for a decoy airplane. When care- 
fully constructed and properly placed this decoy will serve to draw 
fire as well as much more elaborate and costly dummies. It has the 
disadvantage of being fixed in position. 

b. All decoy airplanes should represent a definite type, and all air- 
planes of a given type should be cut from the same pattern if possible, 
as lack of uniformity in size and shape is very obvious from the air. 

c. Cut out osnaburg or other lightweight, strong material according 
to plans. Sew together with rope in seams and around outer edge. 
Add loops where the y are needed. Sew rope loops securely to fabric 
to guard against slipping. Make pockets in nose, tail, and wing tips 
and sew in wood formers. Drill 14-inch holes near ends of spreaders 
and sew through holes to secure. 

d. To assemble airplane, spread out wing with the fuselage section 
over it. Drive the stakes and hook on the wing tip ropes. Raise 
wing with wing tip supports and cinch up the ropes. Next raise and 
cinch fuselage ropes and attach leading edge of wing to fuselage. 
Assemble rudder, put in place, and hook front rudder ropes to spreader 
and cinch up rope over top support and on to stakes. 

e. Materials necessary for the construction of the decoy are — 

200 feet sash cord, wire rope, or No. 10 G. I. wire 

100 feet No. 10 G. I. wire 

35 square yards osnaburg or burlap 

170 feet 2" x 2" lumber 

40 feet 1" x 2" lumber 

20 feet 2" x 4" lumber 

Paint, nails, etc. 

196. Decoy guns. — A wide variety of scrap material may be util- 
ized in the construction of decoy guns. The antiaircraft gun (fig. 170) 
is simple to construct and, while crude in appearance, is convincing 
from the air. The gun consists of a light frame covered with chicken 
wire and burlap, then painted. To effectively simulate antiaircraft 
batteries at night, flash systems can be devised. 

197. Construction of portable mat loom. — The portable mat 
loom (fig. 171) provides a means to fabricate screens from local ma- 
terials such as rushes, reeds, light brush, or cornstalks. 

a. The loom is operated as follows : Fasten three wires (A), stretch 
to (B), secure around 2" x 2"; then nail 2" x 2" to loom, leaving nail 
heads exposed for easy removal. Continue wire back to 2" x 2" (C), 
which is alternately raised and lowered as reeds or other material are 
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airborne battalion sometimes may be used for the initial rehabilitation 
of airdromes near such landing points. 

d. Missions less frequently undertaken include extensive camouflage, 
construction of elaborate ground installations including disposal areas 
and access roads, and installation of power systems, field lighting, and 
gasoline supply systems. These functions will be undertaken only 
when an advancing engineer aviation battalion is not available to take 
over the engineer responsibility of the air field. 

e. Since combat for self-preservation often may become a primary 
mission of airborne engineer aviation units, they are trained and 
equipped for execution of that mission. Nevertheless, aviation engi- 
neers are primarily service troops. Although adequately armed for 
their own security, they should not be used as a combat force in the 
initial effort of securing a field and reducing enemy defensive installa- 
tions. An organization once committed to combat finds it difficult 
to withdraw and commence repair operations. 

204. Organization. — The organization of the battalion is shown 
in figure 180. The battalion is composed of a headquarters and head- 
quarters company, three construction companies, a medical detach- 
ment, and a chaplain. 

a. Battalion headquarters ofod headqiuirters company. — ^Battalion 
headquarters and headquarters company consists of seven officers and 
98 enlisted men in three platoons : battalion headquarters platoon, com- 
pany headquarters platoon, and service platoon. (See FM 5-5.) 

(1) Battalion headquarters platoon consists of a communication 
section under the battalion adjutant, an administrative section under 
the battalion personnel officer, an engineering section under the 
and a supply section under the S-4. 

(2) Company headqiuirters platoon is commanded by a second 
lieutenant and consists of an administrative section, a mess section, 
and a supply section. 

(3) Service platoon is commanded by a first lieutenant and consists 
of three sections totaling 48 men. 

(a) The equipment section is a pool of road construction equipment 
and operators for that equipment, used to supplement company con- 
struction equipment as deemed necessary by the battalion engineering 
officer, S-S. 

(b) The maintenance section consists of 14 enlisted mechanics, 
blacksmiths, and welders trained and equipped for third echelon main- 
tenance of all battalion equipment. These men also are specially 
trained to augment battalion equipment by repairing captured enemy 
equipment. 
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6. GoTisf ruction company. — The constructioTi company of five offi- 
cers unci 120 enlisted men is the basic task unit. It is commanded by a 
captain and consists of a company headquarters, two construction 
platoons, and a service platoon, (See FM 5-5.) 

{ 1 ) ( ^ompany headquarters. — ( 'ompany headqnarters consists of the 
company commander, a second lieutenant administrative officer, the 
company administrative section of seven men, a mess section of six 
men, and a supply section of five men. The company administrative 
section, headed by a corporal company clerk, operates a communication 
section with radio communication to battalion and runner and flare 
communication to platoons. 

(2) Service platoon, — The tasks assip:ned companies in the theater 
of operations often require operation away from the battalion. The 
service platoon is, therefore, provided to maintain the equipment when 
the company is engaged in a separate operation. It consists of an 
equipment section, a maintenance section, and a weapons section, a 
total of one officer and 29 enlisted men. The equipment section is the 
equipment pool to which are assigned all construction equipment 
operators. The maintenance section is responsible for repair and 
servicing of all company equipment and for salvage and repair of 
captured enemy construction equipment. The weapons section is an 
antiaircraft section of two .50 caliber guns, air-cooled, to provide pro- 
tection to the company- 

(3) Const lotion platoon. — Each construction platoon, one officer 
and 36 enlisted men, consists of a headquarters and an operating sec- 
tion of three squads. The headquarters consists of a first lieutenant, 
a staff sergeant, a bicycle messenger, a mine detector operator, an elec- 
trician for lighting night operations, a truck driver, and a communica- 
tion specialist with signal panels and flares. 

(4) C onsfi'UGtion squad, — ^The construction squad consists of two 
noncommissioned officers (a sergeant and a corporal) and eight pri- 
vates. Each is trained in an engineer specialty to form a well bal- 
anced, all around unit capable of undertaking any minor engineer task. 
The armament of the squad includes eight Ml rifles; a submachine 
gun ; and one 1903 rifle, antitank, with M9 grenades. 

c. Medical detachment, — The medical detachment consists of four 
officers and 29 enlisted men. They are organized, trained, and 
equipped to set up field aid stations of an officer and six enlisted men 
with each construction company and a headquarters aid station of a 
dentist and eleven enlisted men. The training of medical personnel 
for operation of field aid stations is the responsibility of the battalion 
surgeon (see FM 8-5) , 
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205. Equipment, — a. Enp:ineer tools and equipment are of neces- 
sity light and smalK Included are air comi^ressors with saws, tamps, 
and drills; light crawler tractors with bulldozers; asphalt repair 
equipment; electric lighting sets for night lighting of areas under 
repair ; leaning wheel towed gi'aders ; gasoline motor driven hammers 
and chain saws ; mine detectors ; road material mixei-s ; sump pumps ; 
compaction rollers; scrapei-s; rooters; rubber-tired tractors; oxyacety- 
lene welding and cutting equipment; water supply equipment, and 
squad carpenter, pioneer, demolition, and pipe fitting sets. 

h. The medical detachment has standard medical equipment as pro- 
vided engineer aviation battalions but in somewhat greater quantities. 
Each company, when operating separately, can establish a unit aid 
station immediately after landing. 

c. Communication equipment is limited to radio from company to 
battalion and from battalion to task force headquarters, signal panels, 
signal flares, and bicycle messengers. 

d. Transportation is sufficient for administration and operation but 
is not provided for equipment or personnel. The total includes only 
nineteen ^/i-ton, 4x4 trucks, seven 2i/^-ton, 6x6 dump trucks, and one 
%-ton carryall (rear echelon). Troops must make every effort upon 
landing to gain additional motor transport by requisition or by capture 
of enemy transportation. 

e. Armament of a battalion consists of carbines, rifles, submachine 
guns, and .50 caliber antiaircraft guns. The battalion is trained for 
combat as infantry. 

206. Training. — a. The training of airborne aviation engineers 
includes that outlined in chapter 4 for all engineer aviation battalions. 
Indoctrination first with the operational needs of air force units and 
later with requirements of other units in the airborne command is 
necessary. It is highly desirable to have intimate contact with air 
force personnel, equipment, facilities, and installations. Combined 
training with airborne ground units likewise is necessary. Training 
periods allocated to combined operations are essential. 

6. In addition to training outlined in chapter 4 emphasis should 
be placed on special training for officers in the following : 

(1) Logistics of emplaning and deplaning troops, equipment, and 



(2) Planning and execution of tactical operations, particularly in 
defense of airdromes, requiring precise coordination with air forces, 
parachute troops, and supporting arms. 

(3) Communication with supporting aviation and task force head- 
quarters. 



supplies. 
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(4) Administration, supply, and evacuation of units when normal 
transportation facilities ai^e lacking. 

<?, Troops should be specially trained in — 

(1) Emplaning and deplaning, including loading and securing 
supplies and- equipment. 

(2) Technique of organizing and executing missions to be per- 
formed immediately upon landing, with emphasis upon repair of 
landing areas. 

(3) Repair and operation of captured enemy weapons, transporta- 
tion, and equipment. 

(4) Technique of operating all organic weapons. It is essential 
that all individuals be proficient in use of the rifle and that adequate 
placements be trained for gun crews. 

(5) Communication with supporting aircraft with emphasis on 
methods of identifying themselves. (See FM 31-30.) 
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Appendix I 



REPORT OF AIRDROME SITE RECONNAISSANCE 



Designation of airdrome 

Type and number of aircraft to be accommodated 

Other special requirements in information furnished 

Date of reconnaissance ' 

1. Description and location. 

a. Map references and drawings. 
&. Geographic position. 

( 1 ) Latitude and longitude. 

(2) State, county, section, township, and range, 

(3) Elevation above sea level. 

(4) Local magnetic variation. 
c. Greneral description. 

(1) Nearby towns. 

\a) Direction and distance thereto. 
(&) Population. 

{c) Accommodations available as billets. 

(2) Character of surrounding community. 
{a) Agricultural, industrial, etc. 

{h) Intentions of inhabitants, if known. 

(3) Physical features of site. 

(a) Dimensions in various directions (sketch)* 
{h) Natural condition of surface. 
{c) Natural drainage ; general slope of ground. 
{d) Obstruction on approaches. 

i. Location of obstruction. 

^. Nature of obstruction. 

3. Estimate of removal of obstruction. 

2. Meteorological data. — (Consult civil authorities and natives 
and observe vegetation.) 

a. Monthly rainfall records and storm intensity-duration data. 
6. Monthly temperature records. 

€. Direction and velocity of prevailing winds. (Observe vegetation 



and look for evidence of drifting sand.) Wind rose. (See figs. 181 
and 182.) 
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d. Special climatic features (fog, dust, storms, smoke, cyclonic dis- 
turbances, ice formations on runways). 

3. Hydrological features (where pertinent), 
a. Stream flow records. 

J. Flood conditions and flood control works. 
c. General description of geological formation. 
Information on underground water supply. 

4. Soil investigation (see app. III). 
a. Ground water elevation. 

ft. General composition of soil (percentage of clay, sand, gravel, 
etc.). 

c. General classification of soil (see app. Ill, sees. I-VI incL)- 

d. Bearing ratio of soil. 
Drainage characteristics. 

/. Frost heaving tendency. 

g. Shrinkage and expansion characteristics. 

A. Notes on soil profile. 

L Samples (100 lb.) of predominant soil or soils for field laboratory 
examination. 

5. Drainage. 

a. Other conditions affecting drainage. 

(1) Data on outlet conditions. 

(2) Infiltration capacity of soils. 

6. Type of drainage believed necessary. 
6. Grading. 

a. Profiles of proposed runways and taxiways. 

6. Estimate of runway and taxiway grading. 
Estimate of grading for buildings and service roads. 

7. Pavement. 

a. Treatment of subgrade, if any. 
&. Flexible or rigid types. 

c. Base courses. 

(1) Number of layers and thickness. 

(2) Methods of construction. 

d. Surface course. 

(1) Type and thickness. 

(2) Methods of construction. 

e. Availability of construction materials. 

/. Samples (100 lb.) of gravel, sand, rock deposits for field labors* 
tory examination. 

8. Camouflage considerations, 
a. Landmarks. 
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6. N<atural foliage and cover. 

Terrain irregularity and pattern. 
9. Transporcation facilities. 

a. Koads, (Examination of existing roads often gives valuable 
clues for design of runways.^ 

(1) Identification of each road concerned. 

(2) Type of surface and condition. 

(3) Thickness of surface and base courses. 
(4"^ Usable width. 

(5) Limiting grades. 

(6) Bridges and culverts — locations, dimensions, capacity, condi- 



(7) Priority and nature of repairs or new construction. 

(8) Materials available locally, 
h. Railroads. 

(1) Name and location. 

(2) Nearest freight office and distance from site. 

(3) Gage and rail weight. 

(4) Character of roadbed. 

(5) Capacity of bridges. 

(6) Length and cost of spur line to site. 

(7) Types and condition of rolling stock. 

(8) Daily tonnage capacity. 

(9) Remarks. 
Waterways. 

(1) Name and location^ 

(2) Channel depths. 

(3) Nature and condition of floating plant available, 

(4) Length and width of wharves. 

(5) Railroad and highway connections. 

(6) Transit sheds. 

(7) Unloading equipment (type and capacity). 

(8) Adjacent storage (sq. ft.). 

(9) Remarks. 
10. Utilities. 

a. Water supply (for additional information, see par. 210, FM 5-10). 

(1) Location and source (well, spring, pond, etc.). 

(2) Rate of flow in gallons per day. 

(3) Motive power (gravity or pump). 

(4) Turbidity, contamination, taste, color, and odor. 

(5) Method of treatment- 

(6) Storage and distribution system. 
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(7) Size line, static pressure, and flow capacity at various heads 
at point of connection of proposed supply line to existing; supply. 

(8) length and size of proposed supply line from point of connec- 
tion to point of discharge. 

(9) Difference in elevation between point of connection and loca- 
tion of pumping plant, ground storage tank, or other proposed point 
of delivery. 

(10) Limit of quantity that may be taken from existing system in 
order to maintain adequate pressure in vicinity of connection. 

(11) Wells (dug, driven, drilled, bored). 

(a) Size and depth of well and distance to water when pumped to 
capacity. 

(b) Normal capacity. 

(0) Can turbine pumps be used directly from well to distribution 
system ? 

ft. Electric power. 

(1) Name and location of company. 

(2) Distance and direction to nearest transmission line or substa- 
tion of adequate capacity. 

(3) Details of power system (see table XXIX). 

Table XXtX. — Details of power syslem 



Prime movers 



Generators 



Type . 

(Steam, Internal corabastion) 

Fuel 

Amount on hand 

Feed 

Hp--- - 

Lubricants 

(Kind and amount) 

Water supply 

(Character and amount) 

General condition 



Type 

(A-c or d-c) 
Number of machines. 

Kva V 

Kw 

Amps 

Power factor 

Frequency 

Rpm 

Hp Mfg 

General condition 

Switchboard 

Instruments 

Interconnections 
Condition 



Transmission lines 



Tvpe 

(2 wire, 3 wire Edison) (1, 2, 3» 
phase a-o) 

Current __V 

(A-c or d-c) 

Conductors 

(Size and material) 

Location 

(Poles or underground) 

Transformers 

Substation - 

(Transformer or synchronous con- 
verter) 

Electrical supplies- 



c. Telephone and telegraph. 

(1) Location of nearest installations. 

(2) Operating company. 
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(3) Number of wires and circuits: From to . 

(4) Condition of system. 

d, Sowajre disposal. 

(1) Independent or new system. 

{a) Distance to disposal point, name, quantity of flow, or size of 
water body, and whether water is used for drinking, bathing, etc. 
(&) Treatment to be provided raw sewage. 

(c) Where streams or other bodies of water are not available for 
disposal purposes, give information as to soil absorption, possibility of 
ground water contamination, etc. 

{d) Remarks as to probable type and extent of treatment required. 

(2) Utilizing existing system. 

(a) Length and size of connecting main required. 

( & ) Will any existing sewers have to be enlarged % 

(<?) Is existing sewage treatment plant of sufficient capacity to handle 
increased load ? Type and capacity of existing plant* 

{d) Must sewage be pumped in order to deliver it to existing system 
or disposal works % If so, estimate probable pumping cost, 

(6) Remarks. 

e. Cold storage. 

(1) Cubage, 
(a) ChilL 

(5) Freezing. 

(2) TyP^ condensers. 

(3) Ice making capacity. 

(4) Type of power source. 

11. Construction materials and equipment, 
a. Standing timber. 
6. Lumber yards. 

(1) Location. 

(2) Quantities. 

(3) Cutting machinery. 

c. Hardware stores. 

(1) Location. 

(2) General description of stock. 

d. Gravel pits. 

(1) Location. 

(2) Machinery at pit. 

(3) Daily capacity cost. 

e. Brickyards. 

/* Other building materials (cement, asphalt, tar, roofing, etc.)* 
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g. Eoad machinery. 

(1) Make, size, number. 

(2) Location. 

12. Summary* 

13. Estimate of construction labor^ materials, and time. 

14. Recommendations. 



TOTAL % of WINDS FROM INDICATED DIRECTION 




INDICATES % of WINDS OVER 15 M.R H. 



INDICATES % of WINDS 4 TO (5 M.P.H. 



WNW'^ 




N£ 



^ENE 



W- 6 



wsw 



"ESE 



SCALE IN % 
ALL FIBRES INDICATE % 



AIR BASE LOCATION 
SURFACE WIND VELOaTY OVER A PERIOD OF 9 YEARS. U.S. WEATHER BUREAU fAIR BASE)(CITY)SH!1SII 
REMARKS: Tht obovt informotion eovtrs o ptriod tfidin9 with 1938 . CHECK WHICH 

FiouBB 181.— Wind rose. 
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STATION __E L£VATJON_ _ ANNUAL PERIOD ^3o 
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STATION 



MAXIMUM WIND5 (M.P.H.) 
ELEVATION YEARS OF RECORD, 



\MONTH 
YEA>\ 


JAN. 


PEB. 


MAR. 


APR. 


MAY. 


JUN. 


JUL. 


AUG. 


5E PT. 


OCT. 


NOV. 


DEC. 
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FiQURB 182. — Period summary by combined velocity groups. 
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Appendix II 

AIRCRAFT CHARACTERISTICS AND MARKINGS 

rar:ii:raj»li 

Purpose ^ - - . . _ 1 

Operational requirements of aircraft 2 

Training material 3 

Means of identification- — - 4 

Distinctive markings 5 

Model designation of aircraft 6 

Types of aircraft ^ 7 

1. Purpose. — This appendix has two purposes: to serve as au aid 
in the identification of U. S. Army aircraft, and to provide information 
on current models for which it may be necessary to design suitable 
accommodations^ 

2, Operational requirements of aircraft. — a. Stalling speed.— 
Aircraft in flight are supported and controlled by the flow of air over 
he wing and tail surfaces. When the speed of the airplane falls below 

a certain critical point it stalls, that is, the airplane is inadequately 
supported and does not respond to the controls. The stalling speed is 
relative to the air-flow and has no reference to ground speed. When 
an airplane takes off or lands into the wind the air speed is greater 
than the ground speed. Consequently, the necessary ground run is 
shortened. Modern aircraft design tends toward greater wing loads 
which make necessary higher landing speeds. These factors create a 
need for hard surf aced runways of considerable length. 

h. Landing . — (1) When a pilot wishes to land, he maneuvers his 
aircraft into position downwind of the runway and, closing his throttle, 
puts his aircraft into the proper gliding angle. As he nears the 
ground he flattens his glide and continues to raise the nose until the 
airplane stalls. If there is any obstacle near the end of the runway 
over which he must pass, he must land farther in the runway as any 
attempt to steepen his angle of glide merely increases his speed so he 
has to travel further before reaching the stalling point, 

(2) When the aircraft first touches the ground it is still partially 
airborne. Any unevenness, especially an abrupt change of slope, tends 
to bounce the airplane into the air and cause it to land heavily farther 
on. As the aircraft runs along its speed is rapidly reduced and it? 
weight is transferred to the two main wheels. If these are checked 
suddenly by a soft spot in the runway the airplane may tip onto its 
nose or wing. 

c. TaJce-of. — ^When an airplane takes off, stalling speed must he 
exceeded in order to leave the ground. A considerably greater rate 

I / UNIVERSITY OF CALIFORNIA 



AVIATION EJS'GIXEERS 



TM 5-255 
App. II 



must be reached before tlie airplane can climb. These phases require 
a long, Htraight stretch of clear ground, hence the cleared zones in 
extension of runways. 

3. Training material. — Aviation engineer personnel, espec^ially 
ail' guards, should be able to i-ecogjiize jiircraft as friendly or liostile 
from idcntiKcation of type and model. Fouj' hours are allotted to 
aircraft identification in the suggested training program; nm».h addi- 
tional informal study should be promoted. Useful instructional aids 
of many types are available, including the following: 
Field Manual 

FM 3()-;i0, Identification of U. S. Aircraft. 
T mining Bidletim (Jnfantry School) 

TB No, 132, Identification of Friendly Aircraft (Aimy Ground 



TB No. 143, Silhouettes, U. S. Army Air Corps ( Army Ground 
Forces). 
Training Films 

TF 1-258, (xeneral Characteristic's and Types of U. S, Military 
Airplanes. 

TF 1-259, Distinguishing Features of U. S. Military Airplanes. 



FS 1-31, Preliminary Study of the Identification of Aircraft* 
FS 1-38, Points to Look for in Identification of Aircraft. 
FS 4-2, Identification of Aii^craft. 

4. Means of identification. — Three factors assist in the classi- 
fication and identification of aircraft : 

a. Characteristic visible features including type of construction and 
distinctive markings. Most airplanes have some peculiarity in struc- 
ture which aids in determination of model. Visible features to study 
in identification are wings, engine, fuselage, and tail. 

b. Characteristic methods of operation and maneuver, indicative of 
general type and mission. 

c. Characteristic sound, ordinarily indicative only of general type, 
approximate number, and direction of flight of airplanes. Acute 
obsei'vers may be trained to make more specific identification on the 
basis of sound alone. 

5. Distinctive markings, — The identifying insignia of ITnited 
States aircraft is the white five-pointed star superimposed on a circular 
blue field. The star insignia appears on the upper left and lower 
right wing tips, and on the sides of the fuselage about midship. The 
rudder is painted a dark olive drab, which is the same color as the 
upper and side portions of the airplanes. 



Forces). 



Film Strips 
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6. Model designation of aircraft. — a. Type desifjnation is indi- 
cated by a letter or lettei-s corresponding to the function of that class. 



Rotary wing ^ R 

6. Arabic numerals following the letters indicate the specific model. 
Letter suflSxes differentiate later and improved versions of a modeL 

c. The prefixes, X, Y, and Z before a model designation indicate the 
respective stages — experimental, service test, and obsolete — ^in the 
model's service life. Standard models have no prefix. 

d. The designation B-17F illustrates the use of the above symbols. 
The B indicates heavy bombardment type; the -17 designates the 
Boeing known as the 'Tlying Fortress", and the F marks it as sixth 
in the series of improvements on the original model. By the absence 
of a prefix before the B, it is known to be a standard model in produc- 
tion and in service. 

7. Types of aircraft. — a. The principal combat types in the U. S. 
Army are as follows : 

(1) Fighter airplaneH are fast, highly maneuverable craft designed 
for aerial combat. Some models can climb almost vertically. Fight- 
ers normally operate at high altitudes and in squadron formation. The 
sound is high pitched and varies extremely in tone and volume during 
such maneuvers as climbing and diving. 

(2) Bombardment airplanes are classified as heavy, medium, and 
light. The sounds are generally characterized by a fairly deep pitch, 
moderately heavy volume, and steady tone and rhythm. 

(a) Heavy and medium bombers are designed to carry heavy bomb 
loads great distances. En route to and from their objectives they 
operate in formation at high altitudes. 

(b) Light bombardment airplanes are designed to attack material 
objectives of light construction, airdromes, routes of communication 
and supply, and personnel concentrations. These are fast, maneuver- 



Type 



Designatim 



Bombardment (light) 

Bombardment (medium aud heavy) 

Fighter 

Observation 

Observation amphibian 

Reconnaissance (pliotographic) 

Training (primary) 

Training (basic) 

Training (advance)-^ 

Transport (cargo and personnel) — 

Aiitogiro 

Glider (cargo) 

Glider (training) 



A 
B 
F 
0 

OA 
F 

FT 

Br 



AT (EC) 



C 
G 
CG 
TO 
R 
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able craft of medium size. Since light bombers operate at low alti- 
tudes and are susceptible to small-arms fire, troops must be able to 
identify friendly airplanes quickly and accurately. 

(<?) Dive bombers are designed to launch a heavy bomb at a well 
defined target by diving steeply from a considerable height. Neces- 
sary special construction makes these airplanes relatively slow and 
easy prey for fighters. Normally they are used to support advancing 
ground troops in zones where friendly fighters dominate the air. 

(3) Observation airplanes are designed to carry two men at a slow 
rate low over friendly territory. Besides observation, their mission 
includes communication and artillery fire adjustment. Ground troops 
should be able to recognize this type instantly. 

h. Transport and training airplanes are the principal noncombat 
types employed by the Army. 

(1) Transpm't airplanes are designed to move loads of personnel 
and supplies, normally over friendly territory. They are large slow 
craft, fly at moderate heights, and resemble peacetime commercial 
airliners. 

(2) Training airplanes rarely will be seen in the theater of opera- 
tions. 



Table XXX. — Dimensions of aircraft {for designs of taxiways and revetments) 



Model 


WeiRht (gross 
loaded) 


Wing span 


Leneth 
(over-all) 


Height 
(at rest) 


Height of 
wing tips 


■ 

Wlieel span 
center to cen- 
ter of tires 


P-38 


15, 400 


52'0" 


37' 11" 


12'0" 




16'6" 


P-39C 


7, 500 


34'0" 


29'9" 


9'4" 


5'1" 


11'6" 


P-40E.-_ 


7,900. 


37'4" 


31'9" 


10'6" 


6'6" 


8'3" 


P-47B_.- 


12, 400 


40' 10" 


35'4" 


12'8" 


5' 10" 


15'8" 


P-51 


8, 800 


37'0" 


32'3" 


10'2" 






A-20A-_ 


20, 600 


61'4" 


47' 7" 


15' 10" 


9'6" 




A-81 


15, 500 


48'0" 


40' 0" 


12' 10" 






0-47A 


8, 500 


46'4" 


33'3" 


12'2" 






0-49 


3,300 


51 '0" 


33'2" 


9'4" 


8'0" 




0-52 


5, 600 


40' 11" 


26'5" 


9'9" 


8'0" 




OA-9.— 


7,900 


49' 0" 


38'4" 


12'0" 






B-17 


48, 700 


103' 10" 


67' 11" 


15'5" 




21'2" 


B-17E... 


53, 000 


103' 10" 


73' 10" 


19'1" 




21'2" 


B-18A_.. 


30,000 


89'6" 


56'9" 


15'1" 


8'3" 


18'0" 


B-24 


46, 100 


llO'O" 


63' 9" 


18'8" 






B-25 


27,800 


67'0" 


51'5" 


15'11" 


9'0" 


19'6" 


B-26 


31,000 


65'0" 


56'0" 


19' 10" 




21'11" 


C-39-... 


21, 000 


85'0" 


61'6" 


18'8" 




18'0" 


C-40 


9, 200 


49'6" 


36'4" 


9' 11" 




13'6" 


C-45 


8, 600 


47'8" 


34'3" 


9' 4" 


5'7" 


13'0" 


C-46.-.. 


45, 000 


108'0" 


69'0" 


19'6" 




21'2" 


C-49 


26, 200 


95'0" 


64'0" . 


17'0" 


8' 10" 


18'5" 
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FlQURK 183. — Principal structural units of single engine airplane. 



1. Wing. 

2. Aileron. 

3. Aileron tab, 
FuHela#re. 

Frame or bulkhead. 
Intermediate frame. 
Fairing, 
Enjrine cowl. 
Engine. 

Proi>eller hub. 

11. Propeller blade. 

12. Oil tank. 

13. Fuel tank. 

14. Vertical fin* 

15. Rudder. 
Rudder tab. 
Stabilizer. 

18. Elevator. 

19. Elevator tab. 

20. Tail wheel. 



4. 
5. 
6. 
7. 
8. 
9. 
10. 



16. 
17. 



21. Retractable landing gear. 

22. Exhaust collector ring. * 

23. Fuel and oil lines. 

24. Engine controls. 

25. Rudder control. 

26. Elevator and aileron control. 

27. Longeron. 

28. Stringer. 

29. Leading edge. ^ 

30. Interspar section. 
SI. Trailing ed^e. 

32. Front spar. 

33. Rear spar. 

34. Nose ribs. 

35. Aileron ribs. 

36. Metal skin. 

37. Cabin. 

38. Accessory cowl, 

39. Pilot's inclosure. 

40. Wing tip. 
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Table XXXI. — Characteristics of aircraft (useful in visual identification) 



Model 



Type 



Cflp. 184) . 

p-39r (fig. m) . 

P-40E (flfj. 186)... 

P-47B (fig. 187)„. 

P-51 (Hp. 188) _ 
A-20A (fig. 189) _. 



A-31 (lig. 190).., 

0-46A (fip, 191 ®) 
0-47A (fig. 191®) 
0^9 (fig. 191 (£)} 
0-52 (fig. 191 0)._ 
OA-9 (fig. 191 ®) 
B-17(fig. 192®) 

B-:7E (fig. 192®) 
B-18A (fig. 194®) 
B-24(flg. 193). 
B-25(fig. 194®) 
B-26 (fig. 194®) 



Low wiiitr ft liter. 
Low vviiij; njj;httT^ 



Engines 



Two, liquid-cooled 
One. lifiiiid-oooled 
One, ftir-Cf>oled ^ .. .. . 



Pixjclal features 



Remarks 



Low wing fighter,,! One, air-cooled 



Tricycle landing gear-- 
Tricycle lauditij: ^ear,. 
May carry bomb..,.,. 

Four-bladed propcUor. 



Low win^^ fiLiiter,. One. liquid-coohML; Wing flaps 



High winp attack 
bomber. 

Mid wing dive 
boml>er. 

Parasol wing ob- 
servation. 

Mid wing obser- 
vation. 

Hiph wing obser- 
vation. 

High wing obser- 
vation. 

High wing obser- 
vation. 

Low wing heavy 
bomber. 

Low wing heavy 

bombiT. 
Mid wing medium 

bomlHT. 
High wing heavy 

bonib*^. 
Midwing medium 

bfjmber. 
Midwing medium 

bomber. 



Tw^u, air-cookML_. 

One> air-cooled.. . 

One, air-cooled. . . 
One, air-cooled... 
One, air-cooled... 
One, air-cooled. _ 
Two, air-cooled-- 
Four, air-cooled , . 

Four, air-cooled 
Two, air-cooled... 
Four, air-cooled . - 

Two, air-cooled. - 
Two, air-C(M*led.. 



Tricycle landing gear.. 



Wing flaps. 



External braces; fixed 

landing gear. 
Carries three 

Fixed landing gear 

Modernized 0-49 

I Ami>hibian gear 

Gun turrets each side 
and under fuselage 
rear of win^^^. 

Same as B-17 plus tail 
gun. 

Modified nose (untler- 
cut) 

Tricycle landinp ueiir 

Tricycle landing tre:ir. 

Four-bladed propi!- 
lers; tricycle laiiilinji 
gear* 



Twin tail booms. 
Lotm 1 pointed nose- 
Sharp nose; conspicu- 
ous air-scoop. 
Blunt nose; stubby 

body. ^ 
Square winp tips. 
Underslimg nacelles 

beyond trailing 

edL'*^ of wing. 
Square wing tips. 

Outer ends crook 

forward. 
Round trailing edge 

wines. 
Loiu' conspicuous 

cabin. 
Long straight wings. 

Single wing strut 

Flying boat; wing 

floats. 
Broad, tapering 

wings. 

Very large tail sur- 
face 

Elliptical wing tips. 

Twill (»v;il tail fins. 

Long thin nose; twin 

rurlders. 
Long tapered nose. 



497447''— 42" 
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Appendix III 

CLASSIFICATION AND USE OF SOILS IN AIRDROME 

CONSTRUCTION 

Paragraphs 

Section I. General 1-3 

II. Soil classification and identification of types 4-9 

III. Use of aerial photographs for soil information 10 

IV. Combined soil types 11-12 

V. Other soil terminology 13-14 

VL Classification of soils 1 15-22 

VIL Compaction 23-27 

VIIL Treatment of frost -action soils 28-31 

IX. Soil survey . 32-34 

X. Soil profile . 35 

XL Soil testing . 36-48 

XII. Testing stabilized mixtures and concrete 49-50 

XIII. Subsurface drainage for pavements 51-64 

Section I 

GENERAL 

Paragraph 

Importance 1 

Forei^i soils S 

What constitutes soil 3 

1. Importance. — Knowledge of the i)hysical properties of soils 
is essential in solving problems of design and construction of runways, 
taxiways, hard standings, access roads, and foundations for hangars 
and other structures of military airdromes. Due to the urgency of 
much of this construction usually neither time nor facilities are avail- 
able for a complete laboratory study of the soils encountered. Ac- 
cordingly the engineer must rely on his ability to identify soils and 
judge their proi)erties from visual inspection and simple classification 
tests performed in the field. He must be able to decide promptly 
which of the available soils is best suited for the construction of a road 
or runway; whether drainage is necessary or feasible; whether a soil 
is sensitive to frost action ; and what type of treatment is best adapted 
for stabilization of a given soil. 
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2. Foreigfn soils. — Soils in foreign countries may have to be util- 
ized without adequate time and facilities for study. Information may 
be obtained from allied troops or from local sources; otherwise the 
engineer must rely upon his observation, analysis, and judgment. In 
judging foreign soils it is important to remember that soils develojied 
under the same conditions of climate, topography, and parent material 
are related and have similar engineering characteristics. This fact 
makes it possible to translate and apply soils experience from one re- 
gion to another. Foreign soils should be judged on the basis of their 
engineering characteristics as disclosed by identification and test pro- 
cedures explained in this appendix. These procedures are universally 
applicable. As in the United States many foreign countries have 
published agricultural soil classification maps and geological maps 
which may be helpful. 

3. What constitutes soil. — "Soil" is a generic term which in- 
cludes practically every type of earthen material, including artificial 
fill, soft shales, and partly cemented sandstones. Most soils consist 
mainly of a heterogeneous accumulation of mineral grains which are 
not cemented together. Voids between these grains may be filled partly 
or completely with water. In addition, some soils contain organic 
material in various forms and amounts. In peaty soils organic sub- 
stances predominate, consisting largely of coai-se, partly decomposed 
vegetable matter. In some clays, organic material which is present 
only in very small quantities in (*olloidal form has an important l>ear- 
ing on physical properties. 



SOIL CLASSIFICATION AND IDENTIFICATION OF TYPES 



4. Classification. — The entire range of physical characteristics of 
soils is best illustrated by describing the following five principal tyi>es 
of soils, and the methods for their identification : gravel, sand, silt 
(rock flour), clay, and organic. Most other types of soils can be 
described by combining the above names to reflect the principal char- 
acteristics of such composite types. 
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5. Gravel. — a. General description, — Bulky mineral grains of nat- 
ural occurrence ranging from about 0.08 inch to 3 inches in diameter 
are called gravel. Gravels are chissified according to size and uni- 
formity as coarse, medium, fine; well-graded or uniform; and accord- 
ing to surface characteristics, as angular or rounded. Natural 
deposits of gravel often are referred to as pit-run or bank-run gravel. 
Such deposits usually contain a considerable percentage of sand, and 
often of silt and clay. In many instances this improves the grading 
of the mixture. 

6. Identi-fication. — Clean gravel is identified readily by inspection, 
due to size of individual grains* 

a. Eiigineenng characf eristics. — Next to sound bedrock, vrell- 
graded gravel with suitable filler represents the most stable natural 
foundation material. Due to low compressibility and high internal 
friction, and to the fact that it can be compacted properly with 
minimum effort, it is the most desirable material for foundations 
and base courses. Desirable qualities of gravel increase with average 
size, angularity, and gradation, except that larger sizes must be 
excluded from surface courses. 

6. Sand, — a. General description. — Sand consists of mineral grains 
ranging in size from about 0.08 inch to 0.002 inch in diameter. These 
dimensions cover particles passing a No. 10 sieve and retained on a 
No. 270 sieve. (Sieve number refers to the number of openings in 
the sieve per linear inch. See table LIV for actual dimensions.) 
Sand particles larger than about No. 40 sieve are called coarse sand. 
Medium sand ranges between approximately N*j. 40 sieve and No. 100 
sieve. Smaller sizes are classified as fine and very fine sands. Further 
differentiations are based on the gradation of the sand and the 
angularity of its grains. (This definition of sand size differs from 
the meaning of the term in concrete, bituminous, and general con- 
struction, where the fine aggregate passing a No. 3 or No. 4 sieve is 
commonly called sand. Likewise, this definition of sand size differs 
slightly from the U. S. Bureau of Soils designation with respect to 
classification of agricultural soil constituents.) 

5. Identification. — Coarse and medium sands may be readily identi- 
fied by visual inspection, while very fine sands sometimes are mis- 
takenly identified as silts or even clays. To prevent such mistakes, 
samples should be subjected to visual and manual inspection in the 
dry condition. Dried samples exhibit no cohesion; character and 
size of the grains can be identified to some extent by the degree of 
grittiness when feeling the material. Quantitative determination of 
the grain size and gradation requires sieve analysis. 
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0. Engineering characteristics. — Well-graded, angular sand ap- 
proaches gravel as a desirable foundation material. The finer and 
more uniform a sand, the more attention is required to stabilization 
processes. 

7. Silt (rock flour). — a. General description. — Silt consists of nat- 
ural mineral grains which pass a No. 270 sieve, lack plasticity, and 
possess little or no cohesion when dry. Due to the fact that the 
name "silt" has been used frequently to designate certain organic 
alluvial soils, it is often desirable to use the terms "inorganic silt,'* 
or "rock flour," to prevent misunderstandings. The term rock flour 
usually is reserved for inorganic silts of glacial origin which contain 
no clay and are relatively uniform in gradation. Except for such 
glacial deposits, clean inorganic silts are very rare. Usually an in- 
organic silt contains suflScient sand or clay, or both, to require classi- 
fications as sandy silt, clayey silt, silt-clay, etc., as described in table 

xxxn. 

h. Identification. — ^Two simple tests, readily performed in the field, 
permit positive identification. First is the "shaking test." Prepare 
a pat of wet soil, adding water if necessary. Then shake horizontally 
in the palm of the hand, which, for typical inorganic silt, will cause 
water to come to the surface of the sample. In this condition, the 
sample appears glossy and rather soft. Squeezing the sample between 
the fingers causes the water to disappear from the surface, which 
seems to dry up. Then the sample stiffens and finally cracks or 
crumbles. Second is the "breaking test." Allow the sample to dry; 
test its cohesion and feel by breaking up with the fingers. Typical 
inorganic silt shows little or no cohesion when dry, and possesses a 
smooth feel in contrast to the grittiness of fine sand, for which it is 
sometimes mistaken. More frequently inorganic silts are misclassified 
as clays, due to their fineness and color. 

c. Engineering characteristics. — All types of inorganic silts are 
treacherous soils. Due to their inherent instability, slight disturb- 
ances may cause them to become soft, or to change into a "quick" con- 
dition. They are much more compressible than sands, and when 
ground water or seepage is present they are subject to intensive ice 
segregation when exposed to frost action. This is very destructive 
to pavements. They are extremely difficult to compact ; subdrainage 
is not sufficiently effective to increase their stability. 

8. Clay.-^. General description. — Clay consists of very fine min- 
eral particles ranging from silt well down into truly colloidal sizes. 
Colloidal particles are so small that they will remain suspended in 
water indefinitely. All clays display, between certain moisture con- 
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tents, the physical property known as plasticity, which is utilized for 
classification purposes. Depending upon the degree of plasticity and 
the contents of coarser grain sizes, one can distinguish between sandy 
clays, silt-clays, clays having low plasticity or lean clays, highly plas- 
tic clays or fat clays, etc. Many clays, brittle in their undisturbed 
state, become very soft and plastic upon being worked. As a result 
of alternate wetting and dryings vegetation and frost action, or gen- 
eral weathering, clays may undergo radical changes in color (oxida- 
tion) and physical properties. 

Identification. — (1) Much confusion results because the term 
'^clay'' is generally used both as designation of fine-grained soils hav- 
ing plasticity, as well as for classification of grain sizes smaller than 
0.006 mm (U. S. Bureau of Soils Classification) or 0.002 mm (Inter- 
national Classification). Although highly plastic clay may contain 
not more than 30 percent of grains smaller than 0.005 mm in size, it 
would be misleading to term such a soil a clayey silt, just because the 
major portion of grains falls into the silt fraction. Conversely, a very 
fine rock flour may contain more than 50 percent of grains smaller than 
0.005 mm in size, but because of physical properties it should clas- 
sified as typical inorganic silt and not as silty clay. From a practical 
point of view, it is important that the names silt and clay be reserved 
for designation of soils having corresponding physical characteristics. 
The terms **silt sizes" and "clay sizes'' should be used when referring 
to fine fractions in grain-size classification. 

(2) The characteristics of clay in its plastic range and its hardness 
in the dry state afford positive means for identification and classifica- 
tion. By remolding a piece of clay and adding water when the stiff- 
ness requires, it can be transformed into a plastic mass which can be 
kneaded like dough. Hardness of a dried sample can be measured by 
intensity of finger pressure required to break up the sample. While 
it is simple to identify a clay positively by such means, some experi- 
ence is required to ascertain degree of plasticity from feel of the 
material in the plastic range and from its strength in the dried state. 

(3) The consistency of a clay in its undisturbed state is independent 
of the characteristics discussed above. It may range from hard 
through stiff, medium, soft, and very soft. Hard clay requires the use 
of a pick for excavating. It cannot be remolded by the use of the 
fingers* Medium clay can be excavated with a spade. This type can 
be remolded by applying ordinary pressure with the fingers. Soft 
clay can be readily excavated with a shovel and easily remolded by 
hand. 

o. Engineering eharacteristies, — ^Low resistance to deformation, 
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high compressibility, and imperviousness are inherent properties of 
cJays, Appraisal of engineering characteristics of clays is compli- 
cated by the fact that even the same type of clay may vary widely 
in resistance to deformation, depending on water content. To permit 
its use as a pavement foundation, highly plastic clay, when soft, re- 
quires removal of a larger percentage of pore water than is feasible 
with ordinary construction methods. On the other hand, when the 
same clay is found in a relatively dry and hard condition, it may be 
possible to compact it, if necessary, with addition of an appropriate 
amount of water to permit its use as a satisfactory base for pavement 
construction. In all cases, special attention must be paid to possible 
magnitude of volume change due to alternate shrinkage and expansion. 
While for coarser soils visual and manual inspection often suffices 
for decisions on their control, clays require, in general, some quanti- 
tative tests on natural water-content, plasticity, shrinkage, compac- 
tion, and swelling characteristics. Expansion or swell characteristic 
is indicated by the percent of swell of a sample during saturation in 
the "bearing-ratio" test procedure (par. 46 (app. III)). A swell 
of more than 3 to 5 percent in this test is unfavorable. 

9, Organic soil. — a. G eneral descHption.r— Organic soils are 
chiefly of two types : peaty soils, consisting largely of partially decom- 
posed vegetation; and fine-grained plastic and nonplastic mineral 
sediments containing varying amounts of finely divided vegetable 
matter. The latter may be classified, depending on grain size and 
plasticity, as organic sandy silt, organic silt or organic silt-clay, and 
organic clay. Even a small percentage of organic matter may in- 
crease materially the compressibility of fine-grained soils, and may 
have other important effects upon its physical characteristics. There- 
fore, the word "organic" should always be added to the classification 
of the soil, unless the name already implies organic material. 

6. Identification. — Since organic matter in peaty soils is coarse and 
fibrous, identification of such soils offers no difficulty. In organic 
silts and clays, however, organic matter is usually so finely divided that 
it cannot be detected by visual inspection, and some of it is even col- 
loidal in character. In many cases, the organic odor is strong enough 
to be easily detected. When in doubt, one can intensify the odor by 
quickly heating a small sample until the surface appears dry. When 
such soils possess plasticity, they feel somewhat spongy in the plastic 
range as compared to inorganic clays. Experience, however, is re- 
quired to utilize this fact for identification purposes. Liquid and 
plastic limit (pars. 42, 43 (app. Ill)) tests performed before and 
after drying are also useful for identifying plastic organic soils. Dry- 
ing produces material decrease in values of these limits. Finally, 
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the plot of liquid limit vs. plasticity index offers empirical relation- 
ships which are useful in determining the presence of organic matter 
in plastic soils. 

c. Engineering characteristics. — ^All peaty and plastic organic soils 
are unsatisfactory subgrades due to their high compressibility, and 
low shear strength. In general, they require either removal or a thick 
foundation course of a higher type soil. On organic soils of relatively 
low compressibility, properly designed concrete pavements may be 
used with only a subgrade blanket course of sand or gravel, if higher 
type soils are not available for construction of a foundation course. 
Nonplastic organic soils without coarse organic constituents, such as 
topsoils classified as organic sandy silt, possess essentially the same 
characteristics as corresponding inorganic soils. 



10. Aerial photo^aphs. — a. From study of aerial photographs 
of an area whose geology, soil, and vegetation characteristics are 
known it is often possible to learn something of soils from aerial 
photographs of unknown areas in the same region. 

b. Vegetation or tree growth in a region is influenced by soil condi- 
tions. Knowledge of the relationship between plant life and soil in 
one area may provide clues to soil conditions in an adjacent area 
through identification of vegetation in aerial photographs of that area 
provided elevation and rainfall of the two areas are similar. Deposits 
.of granular material beneath the surface may be located thus from 
ground surface configuration and vegetation similarities noted in 
aerial photographs. 

c. Different styles of drainage pattern in a region carry significance 
with respect to topography, texture of soil, and its drainage char- 
acteristics. A small stream that flows in wide meanders across an 
area indicates that the general drainage area is flat to gently undulat- 
ing, that the soil has a fairly heavy texture, and that surface run-off 
dominates the drainage. The absence of meandering streams in a flat 
terrain in an adjacent area generally means that rainfall is largely 
absorbed, by the soil with little or no surface run-off, hence the soil is 
well drained internally and favorable for runway subgrade. 

d. Glaciated regions have many characteristics identifiable in aerial 
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photographs that may be helpful in disclosing soil information con- 
cerning an area in that type of region. The soil on the downstream 
side of a glacial lake is generally granular, hence good subgrade and 
a promising area for sand and gravel pits. Deposits of granular ma- 
terial in moraines left by melting or receding glaciei-s often have 
characteristic shapes. Recognition of these in aerial photographs 
gives valuable clues as to the soil to be found. 

e. Hills of half-moon or dune shape imply soil of wind-blown origin 
that implies a very definite limit on maximimi ^particle size as well as 
characteristic gradation. The soil may be coarse and sandy or fine 
loess. Vegetation and local erosion may differentiate them. Erosion 
slopes in sandy soil are similar to the angle of repose of sand piles, 
whereas eroded loess stands in very steep banks. 

Section IV 

COMBINED SOIL TYPES 

Paragraph 

Sand-gravel mixtures : - 11 

Sand-silt-clay mixtures 12 

11. Sand-g^vel mixtures. — a. Well-graded mixtures of gravel 
and sand deform less under load than uniform sand. Generally these 
are good materials, but there may be exceptions. A small content of 
silt or plastic clay, or both, usually has little effect on compressibility 
characteristics, but may be seriously objectionable from the standpoint 
of frost action. Presence of even a small percentage of plastic clay 
may render such soils difficult or impossible to compact. 

h. Identification of small quantities of silty or clayey material can 
be made by rubbing moist soil against the palm of the hand and then 
wiping off all grains of visible size. Examination of any material 
adhering to the hand permits, with little experience, classification of 
the finest fraction. 

c. Depending on the predominant soil property, names such as clean 
sandy gravel, dirty gravel, clayey gravel, gravelly sand, etc., are used 
for classification purposes. 

12. Sand-silt-clay m.ixtures. — a. This group comprises the larg- 
est variety of soils, ranging from stable, well-graded sands containing 
only small quantities of silt or clay, or both, to silty clays with hi^ 
compressibility and expansion characteristics. Some of these mix- 
tures have very desirable engineering characteristics while others are 
unsatisfactory. From the standpoint of compaction, the most difficult 
soils in this group are silts containing only small quantities of sand 
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or clay, or both. On the other hand, many types of silty clays lend 
themselves well to compaction. 

&. Begarding drainage characteristics, soils in this group range 
from relatively well-draining silty sands to practically impervious 
silty clays. When judging feasibility of draining a subgrade, special 
attention should be paid to stratification. A subgrade consisting of 
alternating thin layers of sandy and silty soils could be drained in its 
undisturbed state, but would appeiir as a relatively impervious soil 
if tests are made of disturbed samples in which all layers are mixed. 

G. Examples of names used for classifying soils in this group are 
silty sand, clayey sand, silty sand with trace of clay, very sandy silt, 
sandy silt with some clay, clayey silt, sandy clay, silty clay, sandy- 
silty clay, etc. These names reflect physical properties of combined 
soils as described for principal soil types. They definitely do not 
coincide with classifications based on the quantitative ratios of the 
various fractions as derived from grain-size analyses. 



13. ' Cohesion. — For many purposes, as when dealing with com- 
paction characteristics of soils, it is useful to group soils in two main 
classifications on the basis of cohesion in the dried state (dry 
strength) : 

OL. Noncohesive {cohesiordess) soils are all noncemented sands, 
gravels, and sand-gravel mixtures, containing little or no plastic clay. 
They will develop practically no cohesion when dry. They are also 
called granular or nonplastic materials. 

&. Cohesive soils are all plastic soUs^ and such sandy or gravelly 
soils containing enough plastic clay as a binder to create upon drying 
a coherent mass which cannot readily be broken up into individual 
grains. 

14. Miscellaneous. — ^There are numerous soil names in existence 
which describe either the geologic origin of the soil or its out- 
standing physical properties, or a soil type of regional distribution. 
Frequently adjectives are used describing the composition, some char- 
acteristic material contained in the soil, or some state of induration 
(hardening) or structure. The following is a list of some of the more 
important terms with their definitions : 

(I. Adobe. — A term applied to calcareous sandy silts and sandy-silty 
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clays found in the semiarid regions of the southwestern United States. 

b. Calcareom. — An adjective indicating an appreciable content of 
calcium carbonate (limestone). 

c. Caliche. — Essentially a soft limestone containing varying per- 
centages of silt and clay, occurring chiefly in the southwestern United 
States. 

d. Carhondceous. — ^An adjective marking the presence of sufficient 
carbonized organic matter to give the soil a dark color. 

e. Diatomafieous. — ^An adjective denoting an appreciable content 
of silicious (silica) shells of minute organisms called Miatoms." 

/. Ferruginous. — ^An adjective indicating the presence of sufficient 
ferrous (iron) compounds to impart to the soil a brownish or reddish 
color. 

g. Gwmho. — ^A very sticky, highly plastic clay. 

h. Oypsiferous. — ^An adjective denoting the presence of small par- 
ticles of gypsum. 

i. Hardpan. — ^A loosely used term describing soils which have 
become compact or hard due to consolidation under very large over- 
burden pressure, or due to cementation or induration (hardening), or 
some combination of these influences. 

j. Loam. — ^A term loosely used, applying most frequently to sandy- 
silty top soils containing a trace of clay. 

k. Loess. — ^A silty soil of eolian (wind-blown) origin, characterized 
by a loose, porous structure which permits it to stand in cuts with ver- 
tical walls. The physical characteristics vary widely, depending in 
part on the presence of calcareous material. 

I. Marl. — ^A term referring to a wide range of richly calcareous 
clays, silts, and fine-grained sands. It occurs extensively in the Gulf 
Coast area, where it is locally called ^'limerock." 

m. Micaceous. — ^An adjective denoting the presence of sufficient 
visible mica flakes to give the soil a distinctive appearance. 

n. Till. — The unsorted deposit of glaciers containing mixtures of 
widely different sizes ranging from boulders to clay. Some types of 
till are known as boulder clay, while others are referred to as hardpan. 
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CXASSIFICATION OF SOILS 



Paragraph 



Detailed classification ^ ^ - 15 



I 15. Detailed classification, — a. Based on a comprehensive study 
i of requirements of soil classification for airdrome runway design, the 
I following classification by Casagrande is presented for use in connec- 
! tion with subgi ade studies and design of base courses. The classifica- 
tion is illustrated in table XXXII. 
I (1) The eoarse-ffrained soils are subdivided into — 
I (a) Gravel and gravelly soils, for which the symbol G is used. 
I (6) Sands and sandy soils^ for which the symbol S is used. 

(2) The fine-grained soils are subdivided into — 
I (a) Fine-grained soils having low to medium compressibility, for 
j which the symbol L is used. 

i (6) Fine-grained soils having high compressibility, for which the 
j symbol H is used. 

I (c) The group of soils comprising all highly organic fibrous soils, 
j such as peat and swamp soils of various types, for which the symbol Pt 
I is used. ■ 

j (3) Gravels and sands are each divided into four groups: 
' (a) Well-graded, fairly clean material, represented by symbol W, 
(&) Well-graded material with excellent clay binder, represented by 
symbol C. 

(c) Poorly graded, fairly clean material, represented by symbol P, 

(d) Material containing an excess of fines, represented by symbol F. 
(4) Each of the two divisions of fine-grained soils is divided into 

three groups: 



Equivalents in Public Roads Administration classification 

Field identification 

Classification hj sieve analysis 

Classification by liquid and plastic limits 

Natural condition of subgrade— 

General characteristics of soil groups . — 

Characteristics of average soils 



16 

17 
18 
19 
20 
21 



22 ^ 
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Tabls XXXn.—Saa iJoBsificaium 



Soil croupB wmd typioal 



Coarse-grained sofls: 

Gravel and gravelly aoila. 



Sands aad aaiidy aoils- 



Fine-grained soils (eontaining little 
or no coarse-grained material): 
Fine-grained soils having low 
to medium compressibility. 



Fine-grained soils having high 
compressibility. 



Fibrous organic soils with very high 
compressibility. 



Wdl-graded gravel and gravel-sand 

mixtures; little or no fines. 
Well-graded gravel-sand-day mix- 
tures; exceUent lender. 

Pooriy graded gravd and gravel- 
sand mixtures; little or no fines. 

Gravel with exoess of fines, very 
silty gravel; dayey gravel, poorly 
graded i^vel-sand-day mix- 
turai. 

Well-graded sands; little or no fines. 

Wdl-graded sand-clay mixtures; 
excellent trinder. 

Poorly graded sands; little or no 
fines. 

Sand with excess of fines; very 
silty sands, clayey sands, pooily 
graded sand-clay mixtures. 

Silts (inorganic) and very fine 
sands; MO*, rock fiour, sflty or 
clayey fine sands. 

Clays (inorganic) of low to medium 
plasticity; sandy elajrs, silty 
clays, lean clays. 

Organic silts and organic silt-days 
of low plasticity. 



Micaceous or diatomaeeous fine 
sandy and silty soils; elastic silts. 



Clays (inorganic) of high plasticity; 
fat clays. 

Organic clays of medium to high 
plasticity. 



Peat and other highly organic 

swamp soils, such as muck. 



^Swedish term for soU in this dass. 
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table for airdromes (Casagrande) 



Field identification and cohesion 
in dry state 



Classification tests 



Observations and tests relating to 
natural condition of subgrade 



Readily identified, no 
cohesion. 

Examination wet and 
dry; medium to high 
cohesion. 

Readily identified; no 
cohesion. 

Kxami nation wet and 
dry; slight to high co- 
hesion. 



Readily identified; no 

cohesion. 

Examination wet and 
dry; medium to high 
cohesion. 

Readily identified; no 
cohesion. 

Examination wet and 
dry; slight to high 
cohesion. 

Examination wet and 
dry; shaking test in 
wet state; very slight 
to medium cohesion. 

Character in plastic range 
and dry state; medium 
to high cohesion. 

Character in plastic 
range, odor and color 
wet and dry; slight to 
medium cohesion. 

Examination wet and 
dry 7 shaking test in 
wet state; slight co- 
hesion. 

Character in plastic range 
and dry state; high 
cohesion. 

Character in plastic 
range, odor and color 
wet and dry; high 
cohesion. 

Readily identified 



Sieve analysis. 



Sieve analysis, liquid and 
plastic limits on binder. 

Sieve analysis., 



Sieve analysis, liquid and 
plastic limits on binder 
if applicable. 



Sieve analysis. 



Sieve analysis, liquid and 
plastic limits on binder. 

Sieve analysis 



Sieve analysis, liquid and 
plastic limits on binder 
if applicable. 

Sieve analysis, shrinkage 
limit, liquid and plastic 
limits if applicable. 



Liquid, plastic, 
shrinkage limits. 



and 



Liquid, plastic, and 
shrinkage limits from 
natural condition, and 
after oven drying. 

Sieve analysis, shrinkage 
limit, liquid and plastic 
limits if applicable. 



Liquid, plastic, 
shrinkage limits. 



and 



Liquid, plastic, and 
shrinkage limits from 
natural condition, and 
after oven drying. 

Natural water content and shrinkage limit undis- 
turbed. 



Solids per cubic foot of 
undisturbed soil; 

Degree of compaction; 
stratification. 

Bearing ratio tests (Cal- 

' fornia) on undis- 
turbed soil or large 
size load tests. 

Drainage characteristics 
for soils containing 
considerable fines. 



Natural water content 
or void ratio. 

Consistency undis- 
turbed and remolded. 
Bearing ratio tests 
(California) or large 
size load tests on 
undisturbed soil. 

Drainage characteristics 
for nou])lastic and 
stratified soils. 
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Table XXXII. — Sail dcut^ification 



MiOor divlsioiw 



Coarse-grained soils: 

Gravel and gravelly 
soils. 



Sands and sandy soils. 



Fine-grained soils (con- 
taining little or no 
coarse - grained mate- 
rial): 

Fine - grained soils 
having low to me- 
dium compressibil- 
ity. 



Fine - grained soils 
having high com- 
pressibility. 



Fibrotis organic soils with 
very high compressibil- 
ity.' 



Value as foundation 
material whon not 
subject to frost 
action 



^Excellent. 
Excellent- 
Excellent- 



Good to excel- 
lent. 



''Excellent- 



Ebceellent to 
good. 

Good to fair. - 

.Fair 



Fair to poor. 



Fair to poor. 
Poor 

Poor 

Poor to very 
poor. 

Very poor. » _ 

Useless 



360 



Value as wearing 
surfacf> with satis- 
factory dust 
palliative 



Poor 

Excellent- . 

Poor 

Fair to good_ . 



Potential frost action 



None to very 
slight, 
j Medium 



Poor- 



Excellent 

Poor. 

Fair to good_- 



Poor- 



Poor. 



Very poor 

Very poor 

Very poor 

Useless 

Usclesjs 



None to very 

slight. 
Slight to medium. 



None to very 

slight. 
Medium 



None to very 

slight. 
Slight to high 



Medium to very 
high. 



Medium to high. . 

Medium to high. . 

Medium to very 

high. 
Medium 

Medium 

Slight 



Original from, 
UNIVERSITY OF CALIFORNIA 



AVIATION E(NGINEERS 
table far airdromes (Casagrande) - -Continued 



TM 5-255 
▲pp. in 



Shrinkage, expansion, 
elasticity 


Dr^nace characteristics 


Compaction character- 
istics and equipment 




Dry weight 
per cubic 

foot at 
optimum 
compaction 
pound per 
cubic foot 


Bearing 
ratio fCali- 
fwnia) for 
compacted 
andsaaked 
speciiMn 


Equiv- 
alent 
group in 
Public 
Roads 
Admin- 
istration 
dassifi- 
cation 


Practically 


Excellent- . - _ 


Excellenti trac- 




>125 


— . 

50 over 


A-3 


none. 




tor. 




100 




Very slight-^ 


Practically im- 


Excellent ,sheeps- 


>130 


40-90 


A-1 




pervious. 


foot roller. 








Practically 


Excellent 


Good, tractor. 


115-130 


25-50 


A-3 


none. 












Practically 


Fair to practi- 


Good, close con- 


120-130 


20-60 


A-2 


none to 


cally impervi- 


trol essential, 








slight. 


ous. 


tractor, 












sheepsf oot 












roller. 








Practically 


Excellent 


Excellent; trac- 


>120 


25-50 


A-3 


none. 




tor. 








Very slight 


Practically im- 


Excellent; 


>126 


20-50 


.A-1 




pervious. 


sheepsf oot 












roller. 








Practically 


Excellent- _ - . 


Good; tractor- 


no~i25 


10-25 


A-3 


none. 












Practically 


Fair to practi- 


Good, close con- 


110-126 


8-30 


A-2 


none to 


cally impervi- 


trol essential; 








slight. 


ous. 


tractor or 












sheepsfoot 












roller.* 








Slight to me- 


Medium to poor. 


Good to poor, 


100-120 


6-15 


A-4 


dium. 




close control 












essential, usu- 












ally sheeps- 












foot roller.* 








Medium . 


Practically im- 


Fair to good; 


100-120 


4-15 


A-6 




pervious. 


sheepsfoot 












roller. 








Medium to 


Poor. . 


Fair to poor; 


90-110 


3-8 


A-6 


high. 




sheepsfoot' 










f 


roller. 








High 


Medium to 


XT 

Very poor_ _ 


<ioo 


3-8 


A-5 




poor. 






High 


Practically im- 


Fair to poor; 


80-110 


<6 


A- 7 




pervious. 


sheepsfoot 












roller. 








High 


Practically im- 


Very poor 


<100 


<4 


A-7 




pervious. 










Very high . 

1 


Fair to poor 


Compaction not practical „ 




A-8 



^ For best results, compact in thin layers with rubber tired rollers. 
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(a) Silty and verj fine sandy soils, symbol M (an abbreriation of 
the Swediidb term ^MO" as used in the international grain size clas- 
sification 

(h) Inorganic days, sywSbel C. 

{e) Organic fine-grained sdlls, symbol O. 

h. In table XXXII typical names are assembled for each soil group 
and the correspcmding group symbol is shown in the adjacent column. 
Study of the names contained m this classification will show that 
it actually rapresmfts no new soil classifieatkm. The names are those 
which every experimced soil M^^ineeir uses when describing a soil on 
the basis of visual and manual examination. Group symjbols are defi- 
nitely not intended to supplemrat a detailed description by name; 
their use should be limited. 

c. A good method of familiarizing oneself with this new classifica- 
tion is by noting the order in which letters in group symbols repeat 
themselves, and by keeping in mind the meaning of these letters. 
Once order of the grouping is understood, one can readily reconstruct 
the entire classification without having to memorize details. 

16. Equivalents in public roads administration classifica- 
tion. — ^For engineers who are familiar with the Public Roads Admin- 
istration classification, equivalent numbers of that classification are 
shown in the last column of table XXXII. It should be noted that 
A-1 group is represented by two groups, GC and SC soils. A-2 group 
is subdivided into the GF and SF groups. A-3 group is subdivided 
into four groups : GW, GP, SW, and SP soils. A-4 and A-5 groups 
find their equivalents in the ML and MH groups. A-6 soils are repre- 
sented by two groups, the CL and OL materials. A-7 group is sub- 
divided into the CH and OH groups. A-8 group is equivalent to the 
Pt group in the new classification. 

17. Field identification. — a. Most coarse-grained soils are easy 
to identify. When they contain fines, it is advisable to examine the 
soil both wet and dry. The dry cohesion is always a useful aid in 
determining whether or not the soil contains clay. Fine-grained soils 
should always be examined both in the wet and the dry state. 

ft. For nonplastic and slightly plastic soils the shaking test (par. 
7h (app. Ill)) is a helpful aid in identifying soils belonging in the 
ML and MH groups. Toughness and feel of plastic soils, when some- 
what above the plastic limit, assist in estimating their plasticity and 
sometimes other characteristics also, such as organic content. 

18* Classification by sieve analysis. — For all coarse-grained 
soils and for soils in the ML and MH groups of fine-grained soils, 
grain-size distribution is the most important quantitative test. Un- 
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fortunately, it is not possible to determine proper classification of a 
soil on the basis of the percentages of sand, silt, and clay sizes. A 
proper classification of a soil on the basis of the grain-size analysis 
requires study of the entire grain-size curve* It is probable that one 
could eventually devise charts showing typical bands which could 
be used to guide in classification of these soil groups. The coefficient 
of uniformity, defined as the 60 percent size divided by the 10 percent 



50 r— 




U) 



20 



30 40 50 

LIQUID LIMIT (PERCENT) 



eo 



TO 



NOTE: PLASTICtTY TN0EX=L1QUID LIMIT-PLASTIC LIMIT 

FiGDRB 195. — Soil classification by LL and PI tests. 

size, is an index for approximate classification of the gradation of 
soils in these groups. (See fig. 198.) (Uniformity coeflScient is 
7*0/0.23=30.4.) Uniformly graded materials have coefficients of uni- 
formity less than 5, and well-graded materials larger than 20* Be- 
tween these two limits, soil may have properties of a well-graded or of 
a uniform material, depending on shape of the grain-size curve. 

19. Classification by liquid and plastic limits. — a. For all 
plastic soils, determination of grain-size distribution is of limited 
usefulness. For such soils, the most important classification tests 
are liquid and plastic limit tests. (See pars. 42 and 43 (app. III).) 
These tests are best interpreted by plotting the liquid limit against the 
plasticity index (see fig. 195). Plasticity index is defined as differ- 
ence between the liquid and plastic limits* Typical inorganic clay 
will generally lie above the inclined line A. A liquid limit of 50, line 
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is assumed as the dividing line between clays of relatively low coni- 
pi'essibility (CL), and clays having high compressibility (CH). 
Silty and fine sandy soils having some plasticity (ML) and organic 
silts (OL) generally will lie below line A and to the left of line R, 
Organic clays (OH) and micaceous or diatomuceous silty soils (MH) 
also will plot below line but to the right of line B. 

b. The limits of inorganic silty soils (ML, MH) and organic silty 
and clay soils (OL, OH), when plotted on figure 195, overlup U) such 
an extent that no line of demarcation can be drawn. However, visual 
and manual inspection is generally sufficient to distinguish between 
organic and inorganic soils. Also, limits of an organic soil as deter- 
mined from an oven-dry sample are much smaller than limits of the 
same soil as determined from a sample in its natural state of moisture; 
whereas oven drying of an inorganic soil will result in only minor 
changes in limit values. 

20. Ifatural condition of subgrade. — Field identification and 
classification tests alone are not sufficient to identify pro|)erties of a 
subgrade in its undisturbed condition. In the column Observations 
and Tests Kelating to Natural Condititm of Subgrade, table XXXII, 
observations and tests are designated for determining pertinent prop- 
erties of a soil in its undisturbed state. 

21. General characteristics of soil groups. — In the remaining 
columns in table XXXII are tabulated characteristics which are of im- 
portance in relation to behavior of soils as subgrade or base course 
materials. In the next to last column is shown range of the bearing 
ratio (California) for each soil group. These ranges are also pre- 
sented in figure 67, which illustrates application of the bearing ratio 
to design of flexible pavements. Use of the design curves on figure 
67 is explained in detail in paragraph 63. Also shown in figure 67 
are **stimated values of the modulus of soil reaction for various soil 
groups. These values are for a nuiss of soil in the saturated state 
acting as a subgrade to a pavement and were selected after a study of 
existing test data, 

22. Characteristics of average soils. — The results of tests on 
several thousand samples of soil used in compacted embankment con- 
struction indicate a close relationship between maximum weight per 
cubic foot for any given soil and the liquid limit, plastic limit, plas- 
ticity index, and optimum moisture content. Figure 196 shows these 
relationships for 1,383 individual tests. The curves may be considered 
as representing average relationships among test results on typical 
soils. They may be used to aid in soil classificaticm and to hasten field 
control testing. For example, the i)lastic limit of a soil, which is 
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easily and quickly determined, is found to be 24 percent. The chart 
is entered from the left on a horizontal line representing 24 percent 
to an intersection with the plastic limit curve. A vertical line is drawn 




100 105 no lis 120 125 
MAXIMUM DRY WEIGHT LB. PER CU. FT 



130 



-OL, MH, CH, OH SOILS- 



135 



•GRAVELLY AND SANDY SOILS- 



-ML, CL SOILS 



Figure 196. — ^Average soil test values. 



through this intersection to cross all other curves in the chart. Other 
values are then read as follows: material passing No. 200 sieve, 82 
percent; liquid limit, 44 percent; optimum moisture, 21 percent; 
plasticity index, 20 percent; maximum dry weight, 101 pounds pei 
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cubic foot. These are average values, not exact for the particular 
soil in question, but they may be used for preliminary purposes until 
confirmed by actual test. Similarly, if any other test value is known 
for a particular soil, preliminary values of the others may be read 
from the chart. 



SoUs difficult to compact 26 



23. General. — Compaction is the process by which soil grains are 
rearranged to decrease void space and bring them into closer contact 
with one another, thereby increasing density and resistance to defor- 
mation of the soil mass. Laboratory compaction for preliminary in- 
vestigation, as well as for control purposes, is obtained by means of 
compaction tests (par. 45 (app. Ill)) which simulate the effect of 
field compaction methods. 

24. Compaction of noncohesive soils. — Compaction of granu- 
lar or noncohesive soils can be accomplished only by a combination of 
tamping and vibrating. The kneading action of sheepsf oot rollers is 
definitely detrimental when applied to compaction of such soils. Clean 
gravels are readily compacted to the dense state, since the individual 
grains are sufficiently large to be arranged quickly in stable form. 
When compacting sands, special attention must be given to the detri- 
mental effect of a slight moisture content. This may cause the grains 
to be held together by capillary forces sufficient, in spite of their very 
small magnitude, to keep the grains from moving to a denser packing, 
relative to one another, when subjected to vibrations. Capillary forces 
can be destroyed either by complete drying or complete immersion. 
As drying is impractical, saturation of the areas where compaction is 
in process is a necessary requirement. Sometimes jetting or pound- 
ing alone produces sufficient compaction in sands for ordinary 
purposes. 

25. Compaction of cohesive soils. — a. Use of cohesive or plas- 
tic soils for fill construction requires careful moisture control and 
compaction with sheepsfoot rollers, in layers of moderate thickness. 
The soil is compacted at the optimum moisture content determined by 
standard l^iboratory compaction tests (see par. 45). Optimum mois- 
ture content is not an absolute soil constant, but varies with the weight 
of the compacting equipment. 



Section VII 



COMPACTION 



General 

Compaction of noncohesive soils. 
Compaction of cohesive soils 



Paragraph 

23 

24 

25 



Requirements for compaction control 



27 
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b. Cohesive soils which will permit satisfactory compaction are 
usually those having an optimum moisture content below 20 percent. 
The simplest indications for determining whether a soil can be used 
for fill construction is the plastic limit and the natural water content. 
In general, those soils having a plastic limit of less than 20 and a 
natural water content equal to^ or less than^ the plastic limit^ are most 
suitable for this purpose. Since the optimum moisture content is 
slightly below the plastic limit, this limit serves as a satisfactory quick 
field test for determining when the soil is approximately at the desired 
moisture content for rolling. Subject to the results of other tests and 
special requirements, it may be assumed that the smaller the optimum 
moisture content^ the more satisfactory the soU for construction. 

e. In general, cohesive soils are not found available exactly at the 
desired moisture content. It is easier to add water to a soil which is 
too dry than to dry out soil which has too high water content. If the 
water content is slightly on the high side, excavation, hauling, and 
rolling operations in dry weather will reduce the moisture to a satis- 
factory value. The addition of water to dry soils may be accomplished 
either in the borrow pit or on the fill by the use of sprinkling 
equipment. 

26. Soils difficult to compact. — Clays with a natural water con- 
tent considerably above the plastic limit are for practical purposes not 
suited for fill construction, since the large amount of excess water 
cannot easily be reduced to the low values required for proper com- 
paction. Most silt soils, rock flour, and very fine silty-sands cannot be 
compacted to form a stable base, and where they occur as subgrade 
must be blanketed by thick foundation courses. Some natural de- 
posits of sand or gravel, or of both, contain small amounts of highly 
colloidal fines which render their compaction impossible. 

27. Bequirements for compaction control.—^. Under field 
conditions, it is not practical to require compaction of the entire 
working area to the maximum density obtained in laboratory com- 
padirion tests. Therefore, limits of acceptability are established 
whidi compacted densities must equal or exceed. 

b. In "filP' sections, the embankment should be constructed in 
layers and compacted to 90 percent of the maximum density at opti- 
mum moisture, except that directly beneath the pavement the sub- 
grade should be compacted to 95 percent of the maximum density 
for a depth of not less than 9 inches. 

<?. In "cut'^ areas, the subgrade should be scarified and compacted 
for a minimum depth of 9 inches to 95 percent of the maximum 
density. This compaction should be accomplished in one layer, with- 
out removal, re-laying, or spreading of the subgrade material. 
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TREATMENT OF FROST- ACTION SOILS 
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General 

Mechanics of frost action 

Identification of soils affected by frost action 
Methods of treatment 



28 
29 
30 
31 



28. General. — ^The effects of frost action are heaving of the sur- 
face caused by growth of ice layers in the soil and reduction of 
strength of the soil during periods of thaw due to presence of excess 
moisture. Damage done to a pavement by frost -heaving is not due 
to the absolute magnitude of the heaving movement, but rather to 
differential action caused by nonuniformity in soil composition, strat- 
ification within the layers, variation in depth to bedrock, or dif- 
ferences in ground-water level. The reduction in bearing capacity 
of the subgrade due to frost action necessitates thicker bases and 
thicker pavements. 

29. Mechanics of frost action. — The general mechanics of frost 
action have been studied by several investigators, and it is known 
that heaving is caused not by the expansion of natural soil moisture 
upon freezing, but by the growth of layers or lenses of ice from water 
furnished by capillary flow. Variables affecting freezing phenomena 
are grain-size distribution, rate of freezing, and water supply. Soils 
to which water is readily' accessible are affected most by frost action. 
Clean sands and gravel freeze homogeneously without growth of ice 
layers; silty sands, silts, and silty -clays cause maximum heaving due 
to intense ice segregationis. 

30. Identification of soils affected by frost action. — The only 
practical method of determining the potential frost-action charac- 
teristics of a soil is by reference to the grain-size distribution. Limits 
have been established for grain size curves defining the boundary 
between frost-action and nonfrost-action soils of uniform and non- 
uniform grading. It was found empirically that uniform sandy soils 
with more than 10 percent by weight finer than 0.02 mm, and well- 
graded sandy or gravelly soils with more than 3 percent by weight 
finer than 0.02 mm, are subject to frost action, if water and freezing 
conditions are condxwive. Highly plastic cohesive soils do not heave 
sufficiently to have a detrimental effect because of movement of the 
surface, but are sufficiently affected to cause reduction in strength 
during periods of thaw. 

31. Methods of treatment. — Methods for control of frost-heav- 
ing are drainage, use of layers of pervious material to intercept the 




368 



Original from 
UNIVERSITY OF CALIFORNIA 



TM 5-255 

AVIATION ENGINEERS App. Ill i 



supply of capillary water, and replacement of frost -heavinjr soil by 
iu)nliea\ iii{? material. The last procedure is applicable only to replace- 
ment of silt or clay pockets in an otherwise satisfactory soil. Drain- 
age is of major importance in preventing frost action ^ since presence 
of a high ground-water table may render an otherwise stable soil un- 
desirable from the standpoint of frost -heaving. For very uniform 
sand soils and those having a small percentage of the grain size below 
0.02 mm in diameter, drains alone are sufficient to j>revent frost- 
heaving, because the height to which capillary moisture can rise is 
limited to a few feet. This is not true for soils high in silt content, 
because while drainage will lower the ground-water table, the height 
of capillary rise is greater than the depths to which drainage is prac- 
tical, and other n>easures must be employed to prevent heaving. Per- 
vious blankets of sand and gravel or other material are most com- 
monly used to prevent frost-heaving. These layers vary in thick- 
ness between 1 and 4 feet, depending on heaving characteristics of 
underlying soil, depth of frost penetration, and height of capillary 
rise in the pervious material. Where thin gravel layers are used, meas- 
ures should be taken to prevent fines from penetrating into the gravel, 
thereby increasing its capillarity. Such pervious layers should be 
maintained free of possible surface seepage from open drainage 
<]itches, as well as free from ground water. Consideration shoukl 
be given to the fact that the depth of frost penetration will be in- 
creased by snow removal from runways, and where }>ossiblc frost data 
should be obtained from highways which are regularly maintained 
tliroughout the winter season. 



Skction IX 
SOIL SURVEY 

rarajrraph 

VMd exploration at site _ — 32 

Takinj^ samples ^ 3;i 

Exploration for base and surface materials „ 34 

32. Field exploration at site, — (k Purposes of Held exploration 
at a site are to obtain soil samples for inspection, classification, and 
testing?; to develop soil profiles; and to determine field drainage char- 
acteristics, location of water table, and proximity of ledge rock. It 
must be of such scope that thorough study can be made of all factors 
aifecting design, treatment, and construction of subgrades and base 
courses. Exploration should consist of geological reconnaissfuice, 
angering, excavation of test pits, taking of soil samples, and obsei va- 
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tion of ground-water and drainage conditions. The extent of the ex- 
ploration is governed by time available and character of soil forma- 
tions- Where nonuniform soil conditions occur, a sufficient number 
of auger holes or test pits slumld be made to develop soil profiles along 
the edges of runways and at other locations where drainage is a 
problem. Auger holes along each runway should be spaced about 
1,000 feet apart, with intermediate holes at critical points to complete 
the soil profile. Holes should be 6 inches in diameter and should ex- 
tend about 4 feet below runway subgrade, A few holes should be 
carried to considerable depth to determine characteristics of the lower 
strata. Fewer auger holes will suffice if soil is uniform over the air- 
drome site. 

5. Soil profile sheets (fig. 197) are developed as the soil survey pro- 
gresses in the field. Subsequently laboratory test data are added to 
the soil profile sheets. If desired, a soil map of the airdrome site 
may be developed by combining soil profile data on a topographic 
map overlay. 

33. Taking samples. — a. Soil samples should be taken from 
auger holes and test pits for visual inspection, classification, and test- 
ing. All samples must be representative of the deposit from, which 
they are taken, (See pars. 36, 37 (app. III).) Careful field notes 
are kept to identify all samples, 

5, Samples taken for classification tests are placed in cloth bags or 
cans with an identifying tag both inside and out. Samples taken for 
determinhig natural moisture content, should be placed in containers 
which can be sealed. If undisturbed samples for density determina- 
tions and bearing ratio tests are taken, a metal cylinder 6 inches in 
diameter and 6 inches long is used. A cutting edge is provided at one 
end of the cylinder. The cylinder is pressed into the soil while the 
soil from around the outside is carefully removed. Ends of the sam- 
ple are carefully trimmed to the rim of cylinder. Samples for density 
tests should be taken as described in paragraph 47 (app. III). 

34. Exploration for base and surface materials. — Materials 
for base and surface courses may consist of natural soils or processed 
materials such as crushed stone, gravel, or shells. Exploration for 
these materials should include location and determination of quantity 
of all deposits of soil and rock. Auger holes and test pits should be 
dug at the most favorably located deposits of suitable material to 
determine quantity available and to obtain samples for classifications 
and other tests. Samples for testing are tagged and placed in 
cloth bags. 




372 



Original from 
UNIVERSITY OF CALIFORNIA 



AVIATION EXGlNEERii 



Section X 
SOIL PROFILE 

rnnigraph 

Soil profile 85 

35. Soil profile. — Results of the field explonitions durinj? the soil 
survey and data from laboratory investigations of samples are sum- 
marized on a soil profile. Figure 1S7 illustrates a portion of a soil 
profile along one edge of a runway. 

Section XI 

SOIL TESTING 

Paragraph 

Representative samples 36 

Sampling . — 37 

Quartering samples 38 

Laboratory tests 39 

Grain-size distribution . 40 

Moisture-content determination 41 

Liquid limit (LL) 42 

Plastic limit (PL) 43 

Plasticity index (PI) 44 

Laboratory compaction and optimum moisture test (nu»dilie(l A. A. H. O.)- 4r» 

Bearing ratio and swell test (California) 46 

Field density tests 1 47 

Field and laboratory testing equipment 48 

36. Representative samples. — Each sample for examination, 
identification, and tests must be representative of the deposit or supply 
from which it comes. Validity of all interpretations, conclusions, and 
designs based upon test results depends upon the accuracy with which 
the sample represents the whole. 

37* Sampling. — a. Test pits and gravel banks are sampled by 
channeling. A cloth or paulin to collect the sample is placed at the 
bottom of the pit next to the bank. A hand shovel or pick is used to 
dig a vertical channel from top to bottom of the face being sampled 
until 50 or 100 pounds of material are collected. Overburden that will 
be wasted is not included. The collected sample, is identified, tagged, 
and placed in a bag. Generally sand and earth deposits can be sam- 
pled satisfactorily by auger holes, provided overburden is excluded or 
kept in separate containers. 

b. Aggregate already in bins is difficult to sample properly. Better 
samples may be taken as aggi-egate spills from conveyor belt into bin 
by passing a bucket completely through the stream of falling mate- 
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rial. Several samples should be taken in this manner and combined 
for subsequent reduction by quartering. Samples also may be taken 
from spout or loading chute as material is discharged from bins into 
ti:ucks. 

c. Stockpiles may be sampled by uniform surface channeling as are 
test pits. The channel must extend from bottom to top because stock- 
piles always have a preponderance of coarse aggregate at the outside 
bottom edges and a deficiency of coarse aggregate at the top. Stock- 
piles built up in layers by truck dumping may be sampled by digging 
well into the pile from the top, 

rf. Windrows are sampled by taking and combining equal amounts 
selected from top, center, and bottom, well within the stack each time. 

e. Samples from material in place on the runway are obtained by 
combining spot samples selected over the area, 

38. Quartering samples. — a. It frequently is necessary to reduce 
a large representative sample to a smaller convenient size without 
sacrificing representation. The process is called quartering. The 
total collected sample first is piled in a cone on a canvas or paulin, 
each shovelful going to the center of the cone and being allowed to run 
down equally in all directions to mix the sample. The cone then is 
spread out in a circle by walking around the pile and gradually widen- 
ing the circle with a shovel until the material is spread to a uniform 
thickness. The flat pile then is marked into quarters. Two opposite 
quarters are discarded. The material remaining in the two quarters 
is again mixed by shoveling the material into another conical pile, 
taking alternate shovelfuls from each quarter. The process of piling, 
flattening, and rejecting two quarters is continued until the sample is 
reduced to the desired size. 

b. Small samples are quartered by essentially the same process but 
are mixed by rolling instead of by piling. The total collected sample 
is placed on the canvas or paulin. Each corner of t^e canvas is lifted 
in turn and pulled back over the canvas as if preparing to fold it on a 
diagonal. After thorough mixing the sample is flattened and quar- 
tered as before. This procedure is especially useful in the laboratory 
for selecting small representative test samples. 

39. Laboratory tests. — The laboratoiy tests performed to deter- 
mine physical characteristics and constants of subgrade, base, and 
surface course materials are: sieve analysis, moisture content determi- 
nation, compaction test (modified A. A. S. H. O. method), density 
^est, and bearing ratio (California), Fine-giained soils may require 
a wet analysis in addition>to sieve analysis. Extent of the testing 
program will depend upon type of soils and experience of the soil 
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technician. All classification tests will not be required after the 
technician becomes thoroughly acquainted with the soils of a locality. 
Significance and procedure of classification tests are described in the 
following paragraphs. 

40. Grain- size distribution. — Grain-size distribution of a soil 
is determined either by sieve analysis or by* a combination of sieve 
and wet analysis. Sieve analysis aids in classification of soils, deter- 
mination of percentage of fines, and in study of gradation, which, 
correlated with descriptions as given in paragraphs 4 to 9, inclusive 
(app. m), will be helpful in judging physical characteristics. Pro- 
cedures used to determine gradation are as follows : 

d. Sieve analysis. — sieve analysis is used to determine gradation 
of material containing a substantial portion of gravel and sand sizes. 
// the sample has very little -fine material^ so that dry sieving will give 
good particle separation, the procedure is : 

(1) Select a representative sample weighing between 200 and 600 
grams (depending upon the percentage of gravel particles). 

(2) Dry the sample and record the dry weight. 

(3) Put the dry sample in stack of sieves consisting of 1-inch, 
%.inch, Nos. 3, 4, 10, 40, 60, 100, 200, and pan. Place the cover on 
the stack and shake the stack vigorously with a horizontal rotating 
motion and occasional jarring on a huffer or pad until the particles 
have been separated. 

Note, — Sieves may be added or omitted from this series as needed or desired. 
Because the No. 200 sieve is delicate and easily damaged, it is always protected 
by having a coarser sieve such as No. 40 or No. 60 on top of it 

(4) Starting with the top sieve (largest) determine the weight of 
particles on each sieve and in the pan. Record the results as in table 
XXXIII. Save each part of the sample until a check has been made 
by comparing the sum of the weights with original dry weight ( (2) 
above). 

(5) Results are computed as in table XXXII and plotted as in fig. 4 
which is 6-cycle semilogarithmic paper with the abscissa plotted as 
"sieve opening-' or ''grain diameter" in millimeters or inches and the 
ordinate as "percent finer." See table LIV for sieve dimensions. 

(6) // iher sample has such a proportion of -fine material tJiat dry 
sieving will not he accwrate^ prewashing is necessary. The procedure 
then is : 

(a) Select a representative sample as above. 
(5) Dry the sample and record the dry weight. 
{c) Wash tiie sample on a No. 100 sieve, being careful not to lose 
any of the material retained on the sieve. 
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(d) Dry the portion retained on the No, 100 sieve and record its 
weight. Difference between the original dry weight ((2) above) and 
the dry weight after washing is recorded as the weight passmg No. 
100. 

(e) Shake the washed sample through sieves as above. 

(/) Weigh and recorfl results as above. Sum of all weights, in- 
cluding the weight passing No. 100 from (4) above should check with 
the original dry weight in (2) above. 

(g) Compute and plot results as above. 



Table XXXIII 
Sample identification . 



sieve 


Weirht 
retained 
on each 
sieve in 
grams 


Percent 
retained 

by 
weiRDt 


Cumula- 
tive per- 
cent finer 
tban each 
sieve 


1 in 


35 


7 


93 


H in 


85 


17 


76 


y, (No. 3) 


90 


18 


58 


No. 4 


45 


9 


49 


No. 10 


75 


15 


34 


No. 40.- 


95 


19 


15 



Sieve 



No. 100 

No. 200 

Passing 200. 

TotaL. 



Weieht 
retained 
on each 
sieve in 
grams 



40 
15 
20 



Percent 
retained 

by 
weight 



Cumula- 
tive per- 
cent finer 
tbaneadi 
sksvp 



500 1 100 



b. Wet analysis. — This is not a routine test. Laboratory equipment 
for this test is included in the heavy construction set in depot stock; 
it is not included in the battalion set. Its use will be required only 
for special studies of subgrade soils. Wet analysis is used to deter- 
mine gradation of fine soils composed of particles passing the No, 100 
mesh sieve, and is based on the fact that soil grains of the same material, 
but of different sizes, will fall through water at different velocities. 
Equipment required includes a 1000-cc graduated cylinder provided 
with a side petcock at a distance from 15 to 25 cm below the 1000-cc 
graduation. A small representative portion of the soil sample is 
uniformly dispersed in water in the graduate and set in a vertical 
position. At selected intervals of time, density of the suspension at 
the level of the petcock is determined by removing part of the suspen- 
sion. From this density and the density at the beginning, percentage 
of soil remaining in suspension at the depth of the petcock below the 
water surface can Ix' computed by Stokes' law. Velocity of fine grain? 
of soil falling through a water medium according to Stokes' law is: 



2 

9^ n 



S and So are specific gravities of soil and 
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liquid respectively, n is viscosity of the liquid, and d diameter of the 
soil grain assumed to be spherical. For purpose of a wet analysis, 
sufficiently accurate results can be obtained by using the formula: 
F= 9,000 rf* wherein d is in centimeters and v in centimeters j^er sec- 
ond. This formula is derived from Stokes' law by substituting the 
following : 

8o=l (water) 
n== 0.0000108 gram-sec. per sq. cm (water at 20 C.) 

Using the formula (i; = 9,000 6p) curves on figure 5 have been drawn 
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FiQUKE 198. 

showing distances through which different sized soil particles will 
fall in a given time period. The following procedure is used: 

(1) Select a representative sample of the soil passing No. 100 sieve. 

(2) Thoroughly dry and weigh from 50 to 100 grams of the sample. 

(3) Disperse the specimen in water in a 1000-cc graduate cylinder 
and fill the cylinder to 1000-cc graduation. It is necessary to disperse 
the soil thoroughly by stirring or shaking, taking care not to spill 
any of the suspension. Water temperature should be at room 
temperature. 

(4) If the soil particles flocculate (form clusters) from 5 to 10 cc 
of sodium silicate should be added during the dispersion process. 

(5) Shake cylinder to produce a uniform suspension and set in 
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a yertical position at a noted time. Thereafter the cylinder should 
not be disturbed* Temperature of cylinder should be maintained rea- 
sonably constant near room temperature. 

CURVES SHOWING RELATION BETWEEN GRAIN SIZE , 
TIME AND SETTLEMENT DISTANCE BASED ON 
STOKES LAW FOR AVERAGE TESTING CONDITIONS. 




GRAIN SIZE IN MILLIMETERS 



L = SETTLEMENT DISTANCE IN CENTIMETERS 
FiouRi 199.— Wet analysis. 

(6) Measure the distance L from the center of the petcock to 
the water surface in centimeters. 

(7) Determine from the curves in figure 199 the time required for 
a certain sized particle to fall through the distance L. 

(8) After the required time period, draw off through the petcock 
approximately 100 cc of suspension. 
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(9) Determine dry weight of soil in the drawn-off suspension by 
evaporating water and weighing soil residue. 

(10) Compute percentage of soil finer than the grain sixe selecteu 

V W 

in (7) by the following formula: P=^Xy^X100 (in percent) in 
which — 

IFi— Initial total dry weight of soil in grams 
Fi = Initial Tolume in cubic centimeters of suspension 
Wt'^Drj wdght in grams of soil in suspension drawn off Uirough 
petcock 

Ft Volume in cubic centim^rs of suspension drawn off through 
petcock 

(11) Repeat steps (6) through (10) to determine percentage finer 
than particles of any other sixe. Usually, the percentage fiiner than 
three sizes may be determined. It should be noted that L changes for 
each determination, but Wi and Fi are constant. 

(13) Plot the data as described in a above. 

Table XXXIV 
Sample identification - - — 



sieve 



Sieve analysis: 

l-in 

H-in 

Ji-in (No. 3) 
No. 4 

No: 10 

No. 40 

No. 100 

Passing 100. 

Total 



Weight fe- 
tamedon 
eaeh sieve 
in grains 



0 
100 
85 
35 
35 
25 
20 
200 



500 



Percent retained by weight 



0 
20 
17 
7 
7 
5 
4 
40 



100 



Cumulative 
percent finer 
than each 
sieve 



100 
80 
63 
56 
49 
44 
40 



sieve 



Wet analysis: 

Finer than 0.03 mm.. 
Finer than 0.01 mm.. 
Finer than 0.004 mm^ 
Original sample 



Distance L 
in cm 



25 
20 
15 



Time 



5 min. 20 sec. 

38 min 

170 min 



Dry 
weight 
grains 



1. 60 
1. 10 
6. 65 
50.0 



Percent finer • 



32 
22 



• Ooapated tarn fonnato P" V,JWiX WV^^iXiOO (In percent) 
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e. Combined analysis. — Combined analysis is used when it is desired 
to have a complete grain-size distribution curve for materials contain- 
ing gravel, sand, silt, aiid clay siases. The soil is usually washed 
throu^ a l^o, 100 sieve to separate fine and coarse fractions. Separa- 
tion for some soils may be obtained satisfactorily by dry sieving. 
Gradation of material passing the No. 100 sieve is obtained by wet 
analysis as described in h above, and gradation of that retained on 
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the sieve by sieve analysis as described in a above. Results are com- 
bined to determine percentage of grains finer than a given size, based 
on the total dry weight as illustrated in table XXXIV. Results 
are plotted as described in a above. (See fig. 200.) 

41. Moisture-content determination. — Moisture contents of 
natural and compacted subgrade, compacted fill, and base-course 
materials should be determined for the purpose of design and for 
control of compaction during construction. Moisture-content deter- 
minations are also required for the bearing-ratio, expansion, density, 
compaction, liquid-limit, and plastic-limit tests. Moisture content is 
expressed in percentage of dry weight of the soil. In general, deter- 
minations are made by placing a representative specimen of the wet 
soil in a metal container and thoroughly drying the specimen in an 
oven. If the soil is free from organic and other combustible matter, 
the specimen may be dried over a fire. The wet weight of the speci- 
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men prior to heating and the dry weight having been determined, 
the moisture content may be computed by the formula: 



100 (in percent) 



P= Moisture content in percent of dry weight 
^Vw= Wet weight of sample 
Trrf= Dry weight of sample 

42. Liquid limit (LL). — a. Liquid limit is defined as the mois- 
ture content expressed as a percentage by weight of oven-dry soil, 



36- 




NUMBER OF SHOCKS 
FIOURB 201. — Graph for determining liquid limit. 

at which a remolded soil will just begin to flow when jarred slightly. 
Liquid limit in conjunction with plastic limit is of great vaKie in 
proper identification and classification of fine-grained soils in 
remolded state, 

6. The device used to determine liquid limit consists of a mechanism 
for producing uniform blows on the bottom of a dish. The test 
should be performed by using a representative sample of the fraction 
of soil passing the No. 40 sieve. Approximately 50 to 80 grams of the 
sample are thoroughly mixed with water to form a heavy paste and 
placed in the dish. The soil is grooved with a special tool which 
is drawn through the soil specimen along a diameter of the cii) 
passing through the center of the hinge. In cutting the groove, tlu 
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tool should be held perpendicular to the surface of the dish. 
Shoulders of the tool should remove soil for a length of about 1% 
inches when the dish is properly filled. In clays, a clean groove can 
generally be made with one stroke of the tool. In silty soils, bow- 
ever, it may be necessary to cut the groove with several strokes of 
the tool or by means of a spatula, using the tool to check the 
dimensions. 

c. After the soil is placed in the dish and the groove properly 
formed, the crank of the liquid-limit device is turned at the approxi- 
mate rate of two revolutions per second. The number of blows re- 
quired to close the bottom of the groove for a distance of half an 
inch is determined. Part of the specimen is placed in a metal con- 
tainer and the moisture content is determined as described in para- 
graph 41 (app. III). The above procedure is repeated at various 
moisture contents. A graph (fig. 201) is plotted showing the rela- 
tion between moisture content and number of blows required. The 
water content corresponding to 26 blows obtained from the grajA 
is defined as the liquid limit. (If plotted on semilogarithmic paper 
the graph will be a straight line.) 

43. Plastic limit (FL). — a. Plastic limit is defined as the lowest 
moisture content, expressed as percentage of the dry weight, at which 
soil can be rolled into threads of %-inch diameter without crumbling. 
Plastic limit is the moisture content at which cohesive soils pass from 
a semisolid to the plastic state. Thus, if natural moisture content of 
a soil is less than the plastic limit, the soil possesses relatively high 
stability. 

h. The test is performed on a representative sample of the soil frac- 
tion that passes the No. 40 sieve. A sample of the soil is thoroughly 
mixed with water to form a plastic mass at a moisture content some- 
what above the plastic limit. A specimen about the size of a i^-inch 
cube is removed from the plastic sample and rolled on a flat nonab- 
sorbent surface with the palm of the hand, forming a roll about 
%-inch diameter. If crumbling does not occur at that moisture con- 
tent, fold, knead, and reroll as before. Repeat this process until 
water content is reduced to the plastic limit, which is reached when 
crumbling occurs as soil is rolled out to a diameter of about %-indi. 
Moisture content of the sample at plastic limit is determined as stated 
in paragraph 41 (app. Ill) . ( Some soils cannot be rolled into threads 
at any moisture content. Such soils do not have a plastic limit as 
above defined. Test results are reported as nonplastic (NP).) 

44. Plasticity index (PI) .—Plasticity index is defined as the 
difference between liquid limit and plastic limit. It is determined by 
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taking the numerical difference between the two values. For example, 
if the liquid and plastic limits of a soil are 28 and 24 resim-tively, the 
plasticity index is 4. A cohesive soil with a low plasticity index has 
better stability than one with a high value. Nonplastic (NP) soils 
that have no plastic limit have a plasticity index of zero. 

45. Laboratory com^paction and optimum moisture test 
(modified A. A. S. H. O.)- — Density to which a soil may be com- 
pacted with a given compaction effort depends upon the moisture con- 
tent as described in section VII (app. III). Moisture content at 
which the greatest density is obtained with a given compaction effort 
is termed "optimum moisture," It should be noted that optimum 
moisture is not a constant for a given soil, but is variable, depending 
upon amount of compaction effort. Optimum moisture decreases wath 
an increase of compaction effort and in general is such that air content 
of the soil (unfilled voids) is from 2 to 8 percent by volume, depending 
upon characteristics of the soil. 

&• In runway pavement construction, it is desirable to compact sub- 
grade fill, upper zones of subgrade cuts, and base course materials to as 
great a density as is practicable in order to obtain greatest stability 
and prevent detrimental settlements. It has been found that the 
maximum density that can be obtained in actual construction, using 
ordinary heavy compaction equipment, can be closely duplicated in the 
laboratory by the modified A.A.S.H.O. test procedure. 

c. Special equipment required to make the laboratory compaction 
test consists of a metal tamper with a striking face 2 inches in diam- 
eter, weighing 10 pounds, and a Proctor cylinder. The Proctor com- 
paction cylinder is a metal cylinder having an internal diameter of 
4 inches and a height of 4,59 inches. Volume of th^ cylinder is 

of a cubic foot. The cylinder is provided with a removable baseplate 
and a removable extension of the cylinder having the same internal 
diameter as the cylinder and approximately 2i/2 inches in height. 

d. Procedure of the laboratory compaction test (modified 
A.A-S.H.O. method) is as follows : 

(1) Air-dry a sample weighing approximately 6 pounds and remove 
all material not passing a i^'i'^ch (No. 3) sieve. 

(2) Determine and record tare weight to 0.05 pound of the Proctor 
cylinder with attached baseplate but without the extension. 

(3) Thoroughly mix sample wdth a sufficient quantity of water to 
obtain a damp mixture. Care should be taken not to add too much 
water, 

(4) Fill the Proctor cylinder (with extension attached) in five 
equal layers (each layer about 1 inch thick after compaction), com- 
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pacting each layer by dropping the tamper 25 times. Height of drop 
should be 18 inches above the soil and blows should be distributed over 
the soil layer surface. 

(5) Carefully remove extension and level off top of soil with a 
straightedge. 

(6) Determine unit wet weight (Uw) of compacted soil in pound 
per cubic foot. 

(7) Remove soil from cylinder, extract a sample from the center 
weighing about 100 grams, and determine its moisture content (P) as 
in paragraph 41 (app. III). 

(8) Compute unit dry weight (Ud) compacted soil using data in 
(6) and (7) above. 



(9) Thoroughly remix the remainder of the sample, adding suffi- 
cient water to increase water content from 1 to 2 percent, and repeat 



(10) Repeat procedure as outlined above until points beyond maxi- 
mum density have been obtained. 

(11) From density thus obtained, prepare a curve as in figure 202, 
showing the relation between moisture content and unit wieights, dry 
and wet. (Unit weight as ordinate.) The peak of the curve defines 
the optimum moisture and maximum density (Max. Ud) that should 
be used for compaction control during construction. 

e. Difficulties may be encountered with above procedure if the soil 
is very uniform fine sand. A soil must contain sufficient binder or be 
sufficiently well graded to prevent upheaval during blows of the 
tamper. Otherwise, tamping procedure should be modified so that 
initial stability is produced by lighter blows before the standard blows 
are applied. 

/. It should be noted that only material passing the I4'i^c^ (No. 3) 
sieve is used in the test. Thus, optimum moisture and unit dry weight 
as obtained from the test are not representative of the total material 
if it contains any considerable amount of gravel particles. For con- 
trol during construction, it is necessary to determine unit weight and 
moisture ccmtent only of material passing the i/4-inch sieve. Stones 
greater than 14 ^^^^ should be removed from specimens used for 
moisture-content determinations. Unit weight can be determined 
by adjusting unit weight of the total sample according to percentage 
by weight and volume of particles greater than ^ inch in diameter 
in the soil. 



w 



(in lbs. per cu. ft.) 



lOO+P 



the above steps. 
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46. Bearing ratio and swell test (California). — a. The Cali- 
fornia Division of Highways has developed an empirical method for 
designing flexible highway pavements which employs a test termed 
^'bearing ratio." This is a measure of the bearing or load capacity 
of a subgrade or base material. The empirical data have been 
extended for use in airdrome pavement design, for which purpose some 
modifications of the original test procedure have been found necessary. 
Bearing ratio is load intensity required to produce 0.1 inch penetra- 
tion of a piston 1.954 inches in diameter (3 sq. in.) into a soil, divided 
by load intensity required to push the same piston into a standard 
sample of compacted crushed stone for a distance of 0.1 inch. Bearing 
ratio is expressed as a percentage. For designing thickness of various 
base courses, bearing ratio should be determined for all subgrade soils 
and base course materials. Soils should he tested at a density com- 
parable to that obtained in construction (see pars. 27 and 47 (app. 
Ill) ) . ^In a few cases, where the airdrome pavement will be used only 
for a short period during favorable weather, samples should be tested 
at natural moisture content. In all other cases samples are tested in a 
saturated condition, especially when the airdrome is to be used in all 
seasons of the year. 

b. Equipment used consists of a metal cylinder similar to a Proctor 
cylinder (see par. 45 (app. Ill) ) except that it is 6 inches in diameter, 
buckets in which soil sample is saturated, a loading device to force the 
piston into the soil, and attachments. Procedure for determining 
bearing ratio of a compacted subgrade or base course soil is as follows: 

(1) Determine optimum moisture of the soil as described in para- 
graph 45 (app. Ill) , using part of the soil sample. 

(2) From the rest of the sample, remove all material over %-inch 
in size and replace with an equal weight of material between the 
14-inch (No. 3) sieve and %-inch size. 

(3) Compact the prepared soil in California test cylinder at opti- 
mum moisture content using procedure described in paragraph 45 
(app. Ill), except 55 blows in place of 25 blows of the tamper per 
layer should be used to compensate for the additional area. After 
removing the collar, carefully strike off the surface and smooth it 
The baseplate is then removed from the bottom, attached to the other 
end of the cylinder, the specimen is inverted, and the collar is replaced. 

(4) Place a filter paper on the undisturbed exposed surface of the 
specimen, then place perforated plate with adjustable stem on the 
filter paper. Next add two 5-pound lead weights on the plate. 

(5) Immerse sample with weights applied, and measure amount of 
swell by means of tripod gage. 'Sample should be soaked for 4 days 
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unless satisfactory saturation can be obtained in a shorter period. 
Express expansion or swell of the specimen in percent of the original 
height of 6 inches. 

(6) Allow drainage for 15 minutes after soaking before penetration 
test is run. 

(7) For granular subgrade soils, apply a confining unit load of lead 
weights around the piston, approximately equal to the load intensity 
to be produced by the base and surface courses which will overlie the 
subgrade represented by sample. (It will be necessary to estimate 
required load ; if the load does not agree with final design, check tests 
will be required.) 

(8) Seat penetration piston with 10-pound load and set load gage 
to zero before starting test. 

(9) Apply load on penetration piston so that the rate of penetra- 
tion is approximately 0.05 inch per minute. 

(10) Determine load required to produce a penetration of 0.1 inch. 

(11) Compute bearing ratio (Br) using formula — 

1^ X 100= ^ (in percent) 

in which 

Bearing ratio. 

Z^= Total load in test to produce 0.1 inch penetration. 

Z<7= Total load to produce 0.1 inch penetration in compacted 
standard crushed stone sample determined by test to be 3,000 pounds 
(1,000 lbs. per sq. in.). 

(12) The average of two tests should be taken as the bearing ratio 
of the soil provided the results are reasonably consistent. If not 
consistent, check tests should be made. 

(13) Steps, (5) to (10), inclusive, above may be used to test soil 
placed in any state in the cylinder. If it is desired to conduct tests 
on undisturbed samples, the soil sample should be taken with the 
6-inch diameter sampling cylinder equipped with the cutting edge. 
The sampling cylinder is later used as the testing cylinder. 

47. Field density tests. — ^Determination of density of samples 
taken during construction is necessary to control compaction in the 
field. During the first few days of compaction of a subgrade or base 
course, numerous density samples should be taken and tested and the 
results should be compared with the densities obtained by the labora- 
tory compaction test (see par. 45 (app. III)). Comparison is made 
on the basis of dry weight per cubic foot. The wet weight per cubic 
foot of compacted soil in the field (Ufw) is determined by one of the 
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methods given below. The moisture content of the field sample {Pf) 
is determined as in paragraph 41 (app. III). Then the unit dry 
weight {Ufd) of the field sample is: 



The percent compaction (density) of the field sample as compared 
with maximum density in the laboratory compaction test (par. 45 
(app. Ill), and fig. 202) is: 



If sufficieni compaction is not obtained, more passes or heavier equip- 
ment should be used. For example the weight of sheepsf oot roller can 
be increased by adding water to the drums. After a satisfactory field 
compaction procedure is established, it is not necessary to check com- 
pacted soil density unless different soils are encountered. However, 
until optimum moisture content can be determined by feel and visual 
characteristics, moisture content determinations should be made to 
insure that soil contains the proper moisture for compaction. Several 
methods are used to determine density of soil in situ (in place). The 
method to be used will depend upon type of soil and experience of 
sampling personnel. Acceptable methods are as follows: 

a. Cylinder. — The cylinder method may be used for uniform fine 
sands, silts, or clays, which do not contain gravel particles. The 
equipment consists of a metal cylinder, 6 inches in diameter and 6 
inches long, equipped with a cutting edge. As the cylinder is pushed 
into the soil, it is usually necessary to remove the soil from around the 
cylinder to relieve restraint. After the cylinder is full, the top sur- 
face is trimmed with a steel straightedge. A plate is placed on the 
top of the cylinder and the cylinder with the soil is inverted. The 
other soil surface is trimmed so that volume of the soil equals volume of 
the cylinder. The sample is placed in a clean container for weighing 
or for drying and weighing. 

6. Oil. — The oil method m^y be used in soils sufiiciently impervious 
to prevent any seepage of the oil into the soil during period of the 
test. Any type of oil, such as crank case oil, may be used. Prior to 
sampling, weight per cubic foot of the oil and weight of oil in the 
container are determined. In the field, the surface of the soil is 
smoothed and leveled for an area of about 12 inches in diameter. In 
the center of the area, a hole is dug by hand or with a 6-inch auger, 
taking special care to place all of the soil in a clean container, to be 
later dried and weighed. After the hole is cleaned, it is rapidly filled 
with the oil so that the volume of the oil equals the volume in situ of 



100+ Pf 



(in lb. per cu. ft.) 



Percent compaction (density) 
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the soil removed. The weight of the oil used to fill the hole is 
determined. The volume may be computed from this. 

c. Sand. — The sand method may be used in any type of soil. The 
method is the same as the oil method described above, except 
clean sand is used. The sand is dried thoroughly in the laboratory 
and placed in covered containers. Unit weight of the sand when 
placed is determined by a definite procedure. Usually the sand is 
poured through a funnel held at a constant height above the sand 
surface. Care must also be taken to prevent the sand from absorbing 
any moisture, since a small amount will cause bulking of the sand. 

d. Ohwnk, — The chunk method may be used for soils w^liich are 
sufficiently cohesive to form a chunk when removed. The method 
consists of determining the volume of a chunk of soil in the laboratory 
by the immersion method. A chunk of soil is removed in the field and 
taken to the laboratory. If the soil is sufficiently dense and cohesive, 
the volume is obtained by first weighing it in the air and then weigh- 
ing it when immersed in water or oil. For most soils, it is necessary 
to coat the chunk with paraffin to prevent breaking or crumbling. 
The paraffin coat is applied with brushes either in the field or labo- 
ratory. If the soil has little cohesion and cannot be removed as a 
chunk, a pedestal is formed which is parafin-coated with brushes, or 
paraffin is poured around the pedestal using a cylinder as a mold. 
Volume of the paraffin sample is determined by the immersion method 
in the laboratory. After the volume is determined, the paraffin is 
peeled from the sample and placed in a pan of hot water and 
melted. As the water cools, clean hard paraffin is formed at the sur- 
face. Volume of the paraffin is determined by its weight and specific 
gravity (about 0.9). Volume of the soil is equal to volume of 
the paraffined sample, minus volume of the paraffin. Weight of the 
soil sample is determined after drying in an oven. 

€. Water, — The water method is similar to the oil method except 
that a rubber membratie is used in the hole to prevent seepage into 
surrounding soil. The water method may be used in all types of 
soil. Volume of the soil removed equals combined volume of rubber 
m.embrane and water. Unit dry weight of the soil in situ can be deter- 
mined by one of the above methods. If the soil is protected against 
loss of moisture until weighed, unit wet weight and moisture content 
can be determined. However, more satisfactory results can usually 
be obtained by determining moisture content on a separate sample. 
For gravelly soils, it is necessary to obtain unit dry weight only of 
material passing the 14-irich sieve so that results can be compared with 
those obtained by the laboratory compaction method (par. 45 (app. 
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III)). Unit weight of material passing the sieve can be 

computed by reducing total dry weight and volume of sample by 
weight and volume of stones greater than %-inch. Volume of the 
stones can be determined by the immersion method. 

48. Field and laboratory testing equipment. — Following is a 
list of items included in the laboratory set issued to engineer aviation 
battalions. Additional testing equipment is in depot stock primarily 
for use with heavy construction equipment sets or for other special 
purposes. 



Quan- 
tity 


Unit 


Description 


2 


Each 


Augers, post hole, 6-in. 


6 


do 


Pipe, 4-ft. extensions for auger. 


20 


do 


Bags, sample, canvas, 7 in. x 15 in. with drawstrings. 


5 


do 


Bags, sample canvas, 17 in. x 32 in. with drawstrings. 


1 


do 


Balance, torsion, "Harvard Trip" design. Capacity 






4,500 gr. 


1 


do 


Balance, triple beam, agate-bearmg. Capacity 111 gr. 


12 


do 


Blades, hacksaw. 


12 


do 


Boxes, metal, seamless, round, flat bottom, with cover. 






Capacity 4 oz. 


12 


do 


Boxes, metal, seamless, round, flat bottom, with cover. 






Capacity 8 oz. 


4 


do 


Brushes, paint, flat (2 ea. 1 in. wide; 2 ea. 2 m. wide.) 


1 


do 


Canvas, quartering, 5 ft. x 5 ft. with hemmed edges, 16 oz. 


1 


do 


Chisel, wood, % in. blade, in. long. 


1 


do 


Cylinder, compaction, brass with collar, tamper (10 lb.) 






and tamper guide (2>4 in. inside diameter x 18 m. long). 






Capacity Ho cu. ft. 


2 


do 


Cylinders, graduated, Incite. Capacity 120 cc. 


2 


do 


Flies, steel. Length 12 m. (1 mill, smooth, flat; 1 second 






cut, half round.) 


1 


do 


Fillers, battery with rubber bulb. 


3 


do 


Gage (indicator) dials with jeweled bearings, graduated to 






0.001 in., spindle travel 1.000 in. 


2 


do 


Knives, butcher, stainless steel. 


100 


do 


Labels, paper, white, gummed. 


1 


Each 


Machine, bearing ratio, California, complete with attach- 






ments and supplies: 1 ea. frame: 1 ea. jack, hydraulic; 






1 ea. bracket, dial-gage; 1 ea. bumper, gage bracket; 






1 ea. clamp, gage tripod; 6 ea. cylinders, compaction. 






steel, 6 in. inside diameter x 6 in. long; 6 ea. cylinder 






extensions; 2 ea. cutting edges for field sampling; 1 






ea. ])iston, penetration, 1.954 in. diameter; 3 ea. plates. 






perforated, bronze with adjustable stem; 10 ea. weights. 






lead; 1 qt. oil, hydraulic jack; 1 box paper, filter, 16 cm 






diameter. 
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Description 



Machine, liquid limit, with grooving tool. 

Molds, cylinder, split, sheet metal, 2 in. diameter, 4 in. long. 

Notebooks, field. 

Oven, steel, two-burner. 

Pails, galvanized, with wire bail. Capacity 14 qt. 
Pans, enamel, round, flat bottom, 9 in. diam., 4 in. high. 
Pads, paper, 5 in. x 8 in. 

Paper, plotting, size 8% in. x 11 in. rectangular coordinate. 
Paper, plotting, size 8% in. x 11 in. semilogarithmic, 

3-cycle. 
Paraffin, 122*" melting point. 
Pencils, 3H. 
Pencils, china marking. 
Pliers, long nose, side cutting, length 6 in. 
Rules, measuring, stainless steel, graduated in inches, 

fractions one side, decimals other side. 
Rules, measuring, steel, flexible, 6-ft. inclosed. 
Scales, dial capacity 30 lb. 
Scales, dial capacity 60 lb. 
Screw drivers: one 4-in., one 8-in. 

Sieves, U. S. Standard, nested; each sieve half-height, 8 
in. diam., lYs in. high; with pan and cover: 
1 ea. 1-in. opening. 
1 do. Ji-in. op)ening. 
1 do. Ji-in. opening (No. 3). 
1 do. No. 4. 

1 do. No, 10. 

2 do. No. 40. 

1 do. No. 60. 

2 do. No. 100. 
2 do. No. 200. 

Sieve, %'in, openings, steel frame with handles, size 18 in. 
X 18 in. 

Sieve, K-in. openings, steel frame with handles, size 18 in. 
x 18 in. 

Spatulas, 4-in. blade, wooden handle. 

Spoons, steel, length 14 in. 

Stoves, gasoline, two-burner, with windshield. 

Straightedge, steel, length 12 in. 

Tags, linen, shipping. 

Thermometer, all-metal, range 0*^ to 150**C. 

Towels, cotton. 

Trowels, pointing, blade 5-in. 

Twine, Seine, cotton. 

Weights, metric, nested, range 5 to 5,000 grams* 
Wrench, Crescent, length 8 in. 
Wrenches, pipe, Stillson, length 10 in. 
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Section XII 

TESTING STABILIZED MIXTURES AND CONCRETE 



49* Stabilized mixtures. — a. Stabilized mixtures are used in con- 
structing subgrades, base courses, and surface courses. Table IV lists 
tests generally used for investigating aggregates and mixtures for 
planning and design, and control tests employed during construction. 
Unless otherwise explained, procedures are those given in section XI 



6. When it is necessary to blend two or more materials as in stabiliz- 
ing clay subgrade with sand or in proportioning materials for a stabil- 
ized soil base, the procedure is usually one of preparing trial mixtures 
of representative samples of the available materials, followed by tests 
on the combinations to confirm their suitability. Proportions to be 
used in preparing trial mixes are guided by comparing characteristics 
of the individual materials. For example, if two gravels, one coarse 
and one fine, are to be combined to produce a graded gravel base mate- 
rial, an indication of the proper proportions for trial is obtained by 
studying the gradation curves of each material and estimating the 
percentage of each to give a combined material having the gradation 
desired. Similarly, if a sandy soil is to be added to a clay soil, an indi- 
cation of desirable proportions may be obtained from the plasticity 
indexes of the two. Adding a sandy soil with low PI to a clay with 
high PI produces a combination with an intermediate PI. The de- 
crease in PI is approximately proportionate to the amount of sandy 
soil added. Trial mixes are then tested for general suitability by ap- 
propriate procedures such as compaction and bearing ratio. 

50. Concrete. — a. Fine aggregate (saTid). — (1) Fine aggregate is 
judged by visual inspection for quality of individual particles. It is 
tested by sieve analysis for gradation and by washing for cleanliness. 
The washing test is made as follows: Fill a pint jar to a depth of 4 
inches with sand and then fill almost full with water. Shake for 
several minutes. If there is more than 14 inch of sediment on top 
of the sand after settling, the sand is unsuitable for important work. 
It may be made suitable by field washing to remove excess dirt. 

(2) Sand is also tested for presence of injurious organic matter as 
follows: Fill a bottle half- full with sand to be tested. To it add a 3- 
percent solution of sodium hydroxide until volume of sand and water 
after shaking amounts to 1^/^ times original volume of sand alone. 



Stabilized mixtures. 
Concrete - — 



Paragraph 

49 

50 



(app. III). 
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Shake thorou^jhly and allow to stand for 24 hours. If liquid above the 
sand is colorless or yellow the sand is satisfactory as regards organic 
matter. If medium brown the sand is questionable and if dark brown 
the sand is unsuitable for important work. Field washing to remove 
dirt usually removes considerable organic matter also. 

b. Coarse aggregate. — Coarse aggregate is judged by visual inspec- 
tion and a sieve analysis. If it is dirty but otherwise satisfactory, field 
washing is required. 

Proportions. — Proper proportions of water, cement, sand, and 
gravel are determined by trial mixes. The ratio of water to cement 
is held constant while proportions of fine and coarse aggregate are 
varied until a mix is obtained having required cement content per cubic 
yard and proper workability as judged by slump test. (See table 
LXL) 

d» Slump test. — A conical shell of 16-gage galvanized metal with a 
base 8 inches in diameter, a top 4 inches in diameter, and an altitude 
of 12 inches is filled to overflowing with concrete rodded into the shell 
in three separate layers, each layer receiving 25 strokes of a %-inch 
bullet 'pointed rod 24 inches in length. Excess is struck off and the 
mold is at once lifted, slowly and vertically. Amount of drop of the 
top of mass below original 12-inch height, measured in inches, is called 
slump of the mix. The slump test is a convenient method of control- 
ling and checking uniformity of concrete production. Any major 
change of aggregate gradation, moisture content, or proportions dur- 
ing operations will be evidenced by a change in slump. When a change 
in slump occurs it is a signal to check and adjust operations. 



Table XXXV 


Description 


In vestigation tests for planning and design 


Control tests during construction 


Stabilized subgrade 
(par. 92). 


Compaction (optimum mois- 
ture, maximum density) 
and bearing ratio tests on 
various combinations of sub- 
grade soil and natural ma- 
terial to be admixed. 


Grain-size distribution to 
check proportions. 

Field density to control 
compaction. 

Bearing ratio to confirm 
design. 


Select borrow base 
(par. 91), 


Liquid limit and plasticity 
index on fraction passing 
No. 40 sieve. 

Compaction (optimum mois- 
ture, and maximum den- 
sity). 

Bearing ratio. 


Field density to control 

compaction. 
Bearing ratio to confirm 

design. 
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Table XXXV— Continued 



Description 



Stabilized soil base 
and surface (pars. 
92 and 121). 



Gravel, crushed 
gravel, and 
crushed rock base 
(par. 93). 



Cement stabilized 
base (par. 94). 



Investigation tests for planning and design 



Combine various available 
materials by trial until a 
satisfactory mixture is ob- 
tained as shown by — 
Grain-size distribution 
test. 

Liquid limit and plas- 
ticity index on fraction 
passing No. 40 sieve. 

Compaction (optimum 
moisture and maximum 
density). 

Bearing ratio. 

Sieve analysis of gravel to 
determine need for filler. 
Combine gravel and filler if 
needed and test the combi- 
nation by — 
Sieve analysis. 
Liquid limit and plas- 
ticity index on fraction 
passing No. 40 sieve. 
Compaction (optimum 
moisture maximum 
density). 
Bearing ratio. 

Sieve analysis of available 
aggregate and liquid limit 
and plasticity index on frac- 
tion passing No. 40 sieve. 

Prepare separate mixtures of 
cement and aggregate con- 
taining 8, 12, and 16 per- 
cent of cement by volume. 
Make laboratory compac- 
tion test for each mixture 
and determine optimum 
moisture and maximum 
density. 

Mold three compacted cylin- 
ders, 2 inches in diameter 
and 4 inches high, of each 
mixture. Exclude all peb- 
bles larger than % inch 
when molding these cylin- 
ders. 



Control tests during construction 



Grain-size disti-ibution. 

Liquid limit and plasticity 
index on fraction pas- 
sing No. 40 sieve. 

Field density to control 
compaction. 

Bearing ratio to confirm 
design. 



Sieve analysis. 

Liquid limit and plasticity 
index on fraction pas- 
sing No. 40 sieve. 

Field density to control 
compaction. 

Bearing ratio to confirm 
design. 



Test aggregate before dry 
mixing for sieve analy- 
sis; also liquid limit and 
plasticity index on frac- 
tion passing No. 40 sieve. 
Meacure windrows of ag- 
gregate to determine 
rate of spreading ce- 
ment to give proper 
proportions. 
Check moisture content 

during wet mixing. 
Check field density during 

compaction. 
Mold, cure, and test sev- 
eral 2-inch by 4-inch 
cylinders from the wet 
mix in the field for con- 
firmation. ProcedureiB 
the same as described 
Ori b i n iP^^^: ^-n vestigation testa. 
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Table XXXV— Continued 



Cylinders are filled in three 
layers, each layer well 
rammed as in the compac- 
tion test. Surface of first 
and second layers are rough- 
ened by scratching before 
adding second and third 
layers. Ends of cylinder 
must be smooth and per- 
pendicular to axis of cylinder. 
Cure these cylinders at room 
temperature under contin- 
uously wet cloth or damp 
sand cover for 7 days. Af- 
ter 3 days of this 7-day 
period, one cylinder from 
each set of three is tested 
by the "pick test." (Hold 
specimen in one hand and 
lightly jab it with a dull ice 
pick from a distance of 2 or 
3 inches). Repeat the test 
each day. Specimens that 
are hardening properly will 
show progressive resistance 
to the pick. 

At the end of 7 days make a 
compression test to failure 
of two of the cylinders from 
each mixture. The bearing 
ratio machine is used for 
compression tests. Record 
the maximum load registered 
on the dial before failure. 
Observe type of failure. A 
sudden shattering failure is 
favorable. A slow crum- 
bling failure is an unfavor- 
able indication. An accept- 
able soil-cement mixture 
should develop a crushing 
strength of 400 pounds per 
square inch at 7 days. 



Description 



Investigation tests for planning and design 



Control tests during construction 
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Table XXXV— Continued 



Description 



Cement stabilized 
base — (Con.). 



Bituminous mix- 
tures (pars. 95 and 
122), . 



Investigation tests for planning and design 



(Total load on a 2-inch cylin- 
der, 1,250 pounds.) The third 
cylinder of each mixture is 
immersed in water. After 3 
hours it is given a severe 
"pick test." Penetration 
of the pick, under consider- 
able force, should not ex- 
ceed % to Ya inch. The cyl- 
inder is again immersed in 
water for several days and 
observed daily for any tend- 
ency to soften or crumble. 

Sieve analysis of available 
aggregates to determine 
acceptability or need for 
blending or combination of 
additional natural material. 

After proper grading is 
achieved y the combined ag- 
gregate is tested for liquid 
limit and plasticity index of 
fraction passing No. 40 
sieve. 

Compute bitumen proportion 
for combined aggregate as 
per paragraph 118. Select 
appropriate or available 
bitumen (asphalt or tar) 
from tables XXXVII and 
XXXVIII. 

Prepare mixtures using select- 
ed or available bitumen in 
proportion needed. Com- 
pact the mixture in a cylin- 
der and observe density 
and general character. 
Allow cylinder to cure in 
air for further observation. 

Note.— This type of mixture does not 
develop rigidity as does soil cement. 



Control tests during constniction 



Sieve analysis of aggre- 
gate in windrows irfter 
dry-mixing. 

Compute required propor- 
tion of bitumen as per 
paragraph 118. 

Measure windrows, tabic 
LVI. 

Compute quantity and 
length of spread of bitu- 
men as per paragraph 
1206. 
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Section XIII 
SUBSURFACE DRAINAGE FOR PAVEMENTS 

Paragraph 

General . 51 

Uses -_ 52 

Siibdrain systems. ^- 53 

Filter material 54 

Baekfill material . 55 

51. General. — At most airdromes stability of subgrade and base 
course soils under pavements cannot be increased by providing a 
subdrainage system. For this reason, base courses should be con- 
structed that will provide sufficient stability for the pavement surface, 
regardless of subgrade moisture conditions. All soils, except clean 
sands and gravels, under a wide pavement will remain practically 
saturated due to capillarity or condensation, or both. Shallow drains 
under, pavement are not desirable unless absolutely necessary because 
bearing under pavement is nonuniform and settlement often occurs 
in the region of the drains* Clean sands and gravels, which are per- 
vious do not require subdrains to insure stable conditions. Such soils 
are not detrimentally affected by frost action, and have high bearing 
capacity, even though saturated. However, thin strata and base 
courses of pervious sands should be drained if underlain by material 
that will be affected by frost action. 

52. Uses. — Although satisfactory subdrainage of soils underlying 
pavements at most sites is impractical, subdrainage may be considered 
if the following conditions occur : 

a. The free ground-water table is near the base of the pavement, 

b. Shallow sand and gravel strata, or base courses, overlie silty or 
clayey soils, subject to frost action. 

e. The water supply to potential frost-action soils may be satisfac- 
torily intercepted. 

53. Subdrain systems. — If it is desired to drain the subgrade or 
base course under an airdrome pavement, experience has shown that 
in most cases a subdrain system along edges of the pavement will be 
the most satisfactory. The subdrain should consist of a perforated 
or open bell-and-spigot joint pipe placed at least 5 feet below the pave- 
ment surface except where used solely for base drainage. The trench 
in which pipe is placed should be backfilled with suitable filter 
material, except the top 6 or 12 inches which should be filled with 
impervious material. The filter material should join the base course 
layer. Base course material outside of the pavement wearing surface 
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should underlie an impervious layer of soil which will prevent surface 
rainwater from entering the subdrain system. The subdrain and 
surface drain systems should not be connected unless they are designed 
so that water in subdrain pipes will not be under pressure during 
periods of major storms. If water is forced into the subdrains from 
the surface drain system, pervious strata of subgrade and base course 
material will become saturated and therefore defeat the purpose of the 
subdrain system. 

54. Filter material. — Many failures of subdrainage systems have 
been due to movement of material from the pipe-trench walls into the 
£Qter. This has resulted in pavement collapse along the edges, or 
complete clogging of the drain. Thus is emphasized importance of 
carefully selecting filter material. Filter material should be as per- 
vious as possible and still have a gradation which will prevent move- 
ment of natural soils. The gradation of filter material required is 
governed by the gradation of the foundation (subgrade) material. 
It has been found by tests that gradation of the filter material should 
meet the following requirements : 

15% size— filter 



85% size — ^uniform foundation 
15% size — ^filter 



not greater than 4 
not greater than 5 



85% size — well-graded foundation 

15% size — filter 

15% size-uniform foundation not greater than 6 

15% size — ^filter . 

-TZTZ — Ti T~J^ TT^ — not greater than 25 

15% size — ^well-graded foundation ^ 

The percent size is defined as grain size, corresponding to the percent 
finer by weight on the sieve analysis curve. All filter materials should 
be thoroughly compacted to produce stable material and to insure 
against future settlement of the surface. 

55. Backfill material. — For some drainpipes, where openings are 
large, an additional layer of coarse material will be required adjacent 
to the pipe to prevent movement of backfill or filter material into the 
pipe. Where the natural material is definitely cohesive, a greater dif- 
ference between backfill and natural material can be allowed. The 
most unstable materials are fine sands and coarse silts ; therefore spe- 
cial attention should be given to selection of backfill materials wher- 
ever these types of soils are encountered. Backfill material should 
be compacted to form a uniformly dense mass in order that maximum 
stability will be obtained. 
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Appendix IV 

TABLES AND INFORMATION USEFUL IN BITUMINOUS 

CONSTRUCTION 



Table XXXVI. — Bituminous maietiaU 



Material 


Sourcje 


Form 


Grade designa- 
tion—tempera- 
ture °F, applied 


Remarks 


Cut-back asphalts 


Product of refining 


Liquids— asphalt 


Rapid curing 


Naptha (highly vola- 


(RC and MC). 


crude petroleum 


residues flu:ied 


RC-0 


50-130 


tile), evaporating 




oils containing as> 


with more vola- 


-1 


50-120 


quickly, leaving as- 




phalt. 


tile i>etrolcum 


-2 


100-175 


phalt cement binder, 






distillates. 


-3 


150-200 


permits early use of 








-4 


175-250 


9vU love. 








-5 


176-250 










Medium curing 


Kerosene Gess vola- 








MC-0 


50-120 


tile) docs not evap- 








-I 


80-125 


rate so quickly and 








'2 


150-200 


cures more slowly 








-3 


175-250 


than RC types. 








-4 


175-250 










-5 


200-275 




Asphalticroad oils 


Product of refining 


Liquids— low 


Slow curing 




(SC). 


crude petroleum 


volatile oils 


SC-0 


50-120 






oils containing as- 


left or blended 


-1 


50-120 






phalt. 


with asphalt 


-2 


120-180 


• 






residues near 


-3 


175-250 








end of refining 


-4 


200-275 








process. 


-5 


200-275 










-6 


250-300 




Asphaltic cements 


Product of refining 


Semiliquids or 


Penetraiion 


Temp, 


Penetrations 40 to 100 


(AC) or paving 


crude petroleum 


solids. 


40- 50 ' 




used for crack and 


asphalts. 


oils containing as- 




50- 60 


250 


Joint fillers. 




phalt. 




60- 70 












70- 85 


to 










85-100 












100-120 


350 










120-150 












150-200 J 






powdered asphalt 


Product of refining 


Hard and solid 






Used with SC oils to 


(PA). 


crude petroleum 


asphalts ground 






produce extra tough 




oils containing as- 


to powder. 






road surfaces. 




phalt. 
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Table XXXVI. — Bituminous material — Continued 



Material 



Asphalt emulsions 
(AE). 



Road tar (RT) 
priminfc oils. 



Cold tars (TC)..„ 



Hot tars (TH)-.- 



Cut-back tars 
(RTCB). 



Rook asphalt. 



Source 



Asphalt cements in 
water with an 
emulsifying agent. 



All road tars are 
products of coking 
bituminous coal. 



All road tars are 
products of coking 
bituminous coal. 



All road tars are 
products of coking 
bituminous coal. 



Tars combined with 
volatile distillates 
from coal or water- 
gas tar. 

Natural combina- 
tions of asphalt 
with sand or stone. 



Form 



Liquids - 



Liquids. 



Liquids. 



Nonliquids. 



Liquids. 



Solids. 



Grade designa- 
tion— tempera- 
ture **F. applit^d 



Bapid, medium^and 
slate setfing 



18-1 


60-120 


MS-1 


80-120 


-2 


60-120 


-3 


60-120 


S8-1 


• 60-120 


-2 


60-120 


RT-1 


60-126 


-2 


60-125 


-8 


80-150 


RT-4 


80-150 


-6 


80-160 




80-160 


-7 


160-225 


RT-8 


160-225 


-9 


160-225 


-10 


175-250 


-11 


175-250 


-12 


175-260 


RTCB-6 


60-120 




60-120 



Remarks 



Freezing destroys 

emulsion. 
Penetration and sur- 
face treatments. 
Mixed in place and 
' plant mixes with 

coarse aggregate. 
Mixed in piaoe and 
' plant mixes with fine 
aggregate. 

Waterproof surfiices 
preparatory to plac- 
ing other bituminous 
surfaces. 

Mixed in place and 
patching. 



Patehhig and seal 
coats. 

Plant' mi% and sea 
ooats. 

Penetration macadam' 
Patching mixtores, 



Mined and used locaOy 
where found. 
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Purpose or nse 



Dust palliative. 



Prime coats: 

Tightly bonded surfaces 

Loosely bonded fine grained surfaces.,. 
Loosely bonded coarse grained surfaces . 



Surface treatments and seal coats: 

With or without light sand cover. 

Coarse sand cover 

Clean )4-inch aggregate cover 

Clean H-inch aggregate cover 

Clean H-inch aggregate cover 

Clean ^-inch aggregate cover 

Graded gravel aggregate cover... 
Gravel mulch 



Mixed in place: 

Open graded aggregate: 

Sand 

Maximum diameter 1 inch, high 

percentage passing 10 mesh 

Macadam aggregate 

Dense graded aggregate: 

High percentage passing 200 mesh... 
Maximum diameter 1 inch, high 
percentage passing 200 mesh 



Gold patch: 

Open graded aggregate. . 
Dense graded aggregate. 



high 



Cold laid plant mix: 

Open graded aggregate: 

Sand 

Maximum diameter 1 inch, 

percentage passing 10 mesh. 

Macadam aggregate 

Dense graded aggregate: 

High percentage passing 200 mesh . . 
Maximum diameter 1 inch, median 

percentage passing 200 mesh 

Aggregate precoating followed with 
asphalt... - -. 



Hot laid plant mix 

Penetration macadam: 

Cold weather 

Hot weather 



Asphaltic concrete. 



Grade or designation 



RC 
(Rapid 
curing) 



RC-0 
RC-1 
RC-2 
RC-3 
RC-4 
RC-6 



RC-1, -2 



RC-2, -3 



RC-2 



RC-2, -3 

RC-3 
RC-4, -5 



RC-4, -6 
RC-5 



MC 
(Medium 
curing) 



MC-0, -1, -2 

MC-0 
MC-1 
MC-2 



MC-2,-3 



MC-4, -5 
MC-2,-3 
MC-2 



MC-3 
MC-3,-4 



MC-2 



MC-2,-3 


SC-2,-3 


MC-3 


SC-3 


MC-2 


SC-2 




SC-3 


MC-3, -4 


SC-3, -4 


MC-4 


SC-4 


MC-0 


SC-1 


MC-4, -5 


SC-5.-6 



sc 

(Slow curing) 



SC-0, -1. -2 



SC-1 
S(i-2 
SC-3 



SC-3 
SC-2 



SO-2 



SC-6 



AC 
(Asphalt 
cement, 

with 
penetra- 
tion of— )» 



150-200 
150-200 
15O-200 



150-200 



100-200 
40-150 



AE 
(Emul- 
sified 

as- 
phalt) 



RS-1 
RS-1 
RS-1 



MS-3 



MS-2 
MS-3 



SS-2 
SS-1 



RS-1 



1 Penetrations of 100, 120, 150, and 200 show increasing softness or fluidity. Penetrations of 85, 70, 60, 50, 
40, etc., show increasing hardness or solidity. Road oil SC-6 (with high viscosity) and the softest paving 
asphalts both have penetrations of about 200. 
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Table XXXVIII. 



-Standard grades of road tar — their iiaes and application 
temperature 




RT-1 
RT-2 

RT-3 

RT-4 
RT-5 

RT-6 



RT-7„- 
RT-8— . 

RT-9„- 

RT-10.- 
RT-11-. 
RT-12„ 
RTCB-5 

RTCB-6 



Soil stabilization and dust layer.. 

Prime coat for denfte tight surfaces and for 
ordinary surfaces in cool weather and soil 
stabilization. 
Prime coat for ordinary surfaces in hot weather, 
mastic cushion under brick pavement in cool 
weather, surface treatments, and soil stabili- 
zation. 

Prime coat for open surfaces in hot weather, sur- 
face treatments, and soil stabilization. 

Surface treatment, mulch treatment and dense 
graded aggregate type of road mix in cool 
weather, mastic cushion in warm weather, 
and soil stabilization. 

Surface treatment, drag leveling course in cool 
weather, coarse aggregate type road mix in 
cool weather, mulch treatment and road mix, 
graded aggregate type in warm weather, and 
soil stabilization. 

Surface treatment, drag leveling course in warm 
weather, coarse aggregate type road mix in 
cool weather, sand mix in cool weather, and 
cold premix in cool weather. 

Surface treatment, drag leveling course in warm 
weather, coars§ aggregate type road mix in 
warm weather, sand mix in warm weather, 
and cold premix in cool weather. 

Surface treatment, coarse aggregate type road 
mix in warm weather, sand mix in warm wea- 
ther, and cold premix in warm weather. 

Surface treatment, cold premix in warm wea- 
ther, and hot patch. 

Hot premix, penetration macadam in cool weath- 
er, hot patch, and crack filler. 

Hot premix, penetration macadam in warm 
weather, hot patch, and crack filler. 

Cold patch in cool weather, road mix and premix 
when desired to use a cold application, and 
quick setting binder. 

Cold patch in warm weather, road mix and 
premix when desired to use a cold application, 
and quick setting binder. 
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Table XXXIX. — Average weights and vohivies of bituminous materials 





Gallons 




Pountls 


Pounds 




per ton 


per ton 


per gallon 
at 00' F. 


per bjirrel * 




at fiO** F. 


at 60** F. 


at f)0' F. 



SC, MC, AND RC ASPHALTS 



Grada: 










0 


257 


6. 11 


7; 79 


327 


1 - 


251 


5. 98 


7. 97 


335 


2 


248 


5. 90 


8. 07 


339 


3 


245 


5. 84 


8. 16 


343 


4 


243 


5. 78 


8. 23 


346 


5 


241 


5. 74 


8. 30 


349 


6 (SC only) 


239 


5. 70 


8. 36 


351 


ASPHALT CEMENTS 


Penetration: 










40 to 100 


235 


5. 60 


8. 51 


358 


100 to 200 . 


237 


5. 64 


8. 44 


354 





EMULSIFIED 


ASP[IALTS 






AJl grades - 


240 


5. 72 


8. 33 


350 


TARS 



211 


5. 01 


9. 50 


399 


209 


4. 97 


9. 56 


402 


208 


4. 94 


9. 64 


404 


206 


4. 90 


9. 71 


408 


205 


4. 87 


9. 78 


411 


203 


4. 84 


9. 85 


414 


201 


4. 80 


9. 93 


417 


200 


4. 76 


10. 00 


420 


199 


4. 73 


10. 07" 


423 


197 


4. 70 


10. 15 


426 


195 


4. 66 


10. 22 


430 


194 


4. 63 


10. 30 


432 


205 


4. 87 


9. 78 


411 


203 


4. 84 


9. 85 


414 



RT-1.__ 

RT-2 

RT-3 

RT-4 

RT-5 . 

RT-6 

RT-7 

RT-8 

RT-9 

RT-10 

RT-11 --. 

RT-12-. „ 

RTCB-5 

RTCB-6 



*A barrel is 42 U. S. gallons. This is a common unit of measure in United States. Steel drums in which 
bituminous products are shipped usually contain S5 I'. 8. gallons. 
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Table XL. — Distribution table for bitumino7(s materials 
(1.0 gallon spread per square yard of finished surfaou) 



Width of spread in feet 



10 



11 



Lcnpth of spread in linear feet 



12 



6 


45 




15 


11 


9 


8 


6 


,6 


5 


• 

5 


4 


4 


5 


10 


90 


45. 


30 


23 


18 


15 


13 


11 


in 

10 


9 


8 


7 


10 


15 


135 


68 


45 


34 


27 


23 


19 


17 


15 


14 


12 


11 


.15 


20 


180 


90 


60 


45 


36 


30 


26 


22 


20 


18 


16 


15 


20 


25 


225 


113 


75 


56 


45 


38 


32 


28 


25 


23 


21 


19 


25 


90 


270 


135 


90 


68 


54 


45 


38 


34 


4n 

30 


27 


25 


23 


30 


35 


315 


158 


105 


79 


63 


58 


45 


39 


35 


31 


29 


26 


35 


40 


360 


180 


120 


90 


72 


60 


51 


45 


40 


36 


33 


30 


40 


45 


405 


203 


136 


' 101 


81 


68 


58 


50 


45 


40 


37 


34 


45 


50 


450 


225 


150 


113 


90 


75 


64 


56 


50 


45 


41 


38 


50 


55 


405 


248 


165 


124 


99 


83 


70 


62 


55 


50 


45 


41 


55 


60 


540 


270 


180 


135 


108 


90 


77 


67 


60 


54 


49 


45 


60 


65 


585 


293 


195 


146 


117 


98 


83 


73 


65 


59 


53 


49 


65 


70 


m 


315 


210 


158 


126 


la*) 


90 


79 


70 


63 


57 


53 


70 


75 


675 


338 


225 


169 


135 


113 


96 


84 


75 


68 


62 


56 


75 


80 


720 


360 


. 240 


180 


144 


120 


102 


90 


80 


72 


66 


60 


on 


85 


765 


383 


255 


191 


153 


127 


109 


95 


85 


77 


70 


64 


85 


90 


810 


405 


270 


203 


162 


135 


115 


101 


90 


81 


74 


68 


w 


05 


855 


428 


285 


214 


171 


143 


122 


107 


95 


85 


78 


71 


95 


100 


900 


450 


300 


225 


180 


150 


128 


112 


100 


90 


82 


75 


100 


200 


1,800 


900 


600 


450 


360 


300 


256 


225 


200 


180 


164 


150 




300 


2,700 


1,350 


900 


675 


540 


450 


386 


338 


300 


270 


246 


225 


300 


400 


3.600 


1,800 


1,200 


900 


720 


600 


514 


450 


400 


360 


327 


300 


400 


500 


4.500 


2,250 


1,500 


1,125 


900 


750 


643 


563 


500 


450 


409 


375 


500 


600 


5,400 


2,700 


1,800 


1,360 


1,080 


900 


772 


675 


600 


540 


491 


450 


600 


700 


6,300 


3,160 


2,100 


1.575 


1.260 


1.050 


900 


788 


700 


630 


573 


525 


700 


BOO 


7,200 


3.600 


2,400 


1,800 


1.440 


1,200 


1,029 


900 


800 


720 


655 


600 


800 


900 


8,100 


4,050 


2,700 


2,025 


1.620 


1.350 


1,157 


1,013 


900 


810 


736 


675 


900 


1,000 


9,000 


4,500 


3,000 


2,250 


1,800 


1,500 


1,286 


1,125 


1,000 


900 


818 


750 


1,000 


1,100 


9,900 


4,950 


3.300 


2.475 


1,980 


•1,650 


1,415 


1.237 


1.100 


990 


900 


825 


1.100 


1,200 


10,800 


5,400 


3,600 


2,700 


2, 160 


1.800 




1,350 


1,200 


1,080 


982 


900 


1,200 


1,300 


11.700 


5.850 


3.900 


2.925 


2, 340 


1.950 


1,671 


1,462 


1,300 


1.170 


1,064 


975 


1.300 


1,400 


12,000 


6.300 


4.200 


3,150 


2, 520 


2. 100 


1.800 


1, 675 


1,400 


1,260 


1,146 


1.050 


1,400 


1,500 


13,500 


6,750 


4,500 


3. 375 


2,700 


2,250 


1,929 


1,688 


1,500 


1,350 


1,228 


1, 125 


1,500 
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Table XLI. — Gallons of bitumen required per mile at various rates of application 

per square yard 



W fulfil 

(feet) 


Vigal. 








^'io gal. 


Hgal. 


?i gal. 


igal. 






1 Q 







O 1 1 o 






O, OiiK) 


A 99A 


— 


7 Q9n 




1 *7 

17 






9 A.fl'X. 
£i, 't\30 


1 Q94 


o, yoy 


vol 


7 <17Q 


y, y 1 Ht 


16 


1, 173 


1,877 


2, 347 


3, 129 


3, 754 


4, 693 


7, 041 


9, 387 


15 


1, 100 


1, 760 


2, 200 


2, 933 


3, 520 


4, 400 


6, 600 


8, 800 


14 


1,027 


I, 643 


2, 053 


2, 738 


3, 285 


4, 107 


6, 159 


8,213 


13 


953 


1, 525 


1, 907 


2, 542 


3, 050 


3, 813 


5, 721 


7, 627 


12 


880 


1, 408 


1, 760 


2, 346 


2, 816 


3, 520 


5, 280 


7,040 


11 


807 


1, 291 


1, 613 


2, 151 


2, 581 


3, 227 


4, 839 


6,454 


10 


734 


1, 173 


1, 467 


1, 955 


2, 346 


2, 933 


4, 401 


5, 867 


9 


660 

1 


1,056 


1, 320 


1, 760 


2, 112 


2, 640 


3, 960 


5, 280 



Table XLII. — Method for deterniinm<j treight of hitumen per gallon at applied 

temperature 

Obtain frotn eriginevr or determine — 

(1) — Specific gravity of the bitumen at 60" F, 

(2) — Classify specific gravity : 

If specitit* gravity is greater than 0.906 use Table "A". 
If specific gravity is less than O.UGO use Table "B*\ 

(3) — Applied temperature of bitumen. 
Calenlati' — 

(4) — Select from proper table the multiplier opposite the applied temperature, 
(5 ) — Multiply (4) X (1) for specific gravity of bitumen at applied temi)erature. 
(6)— In table **C" find lbs. per gal. bitumen opposite specific gravity of bitumen 

at applied temperature. 
Example — 

(1) — Specific gravity of bitumen at 60^ F. =1.011, 

(2) — Classify specific gravity of bitumen=Table "A*\ 

(3) — Applied temperature of bitumen=300'' F. 
CalenJatv— 

(4) — Multiplier at 300* F.=0.9201. 

(5) — 0.9201X1.011 specific gravity=0.93() specific gravity at applied temper- 

ature. 

(6) — In Table opposite specific gravity 0.930=7.745 lbs, per gaL at applied 

temperature. 

mote— 

Weight of water per gal. at m° F. =8.328 lbs, 
' Specific gravity of water at 60° F.=1,000. 
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Table No, A. — 


■Specific gravity ai 60 


' F., above 0.966 








t= observed temperature " F. 








M= multiplier to reduce volume to 60° F. 




t 


M 


t 


M 


t 


M 


t 


M 


60 


1. 0000 


135 


0. 9741 


210 


0. 9490 


285 


0. 9248 


65 


. 9982 


140 


. 9724 


215 


. 9474 


290 


. 9233 


70 


.9965 


145 


.9707 


220 


. 9458 


295 


. 9217 


75 


. 9948 


160 


. 9691 


225 


. 9441 


300 


. 9201 


80 


. 9931 


155 


.9674 


230 


. 9425 


305 


. 9185 


85 


. 9914 


160 


. 9657 


235 


. 9409 


310 


. 9169 


90 


.9896 


165 


. 9640 


240 


. 9392 


316 


. 9154 


95 


.9879 


170 


.9635 


245 


. 9376 


320 


.9138 


100 


.9862 


175 


. 9606 


250 


.9360 


326 


.9123 


105 


.9844 


180 


. 9590 


255 


. 9344 


330 


.9107 


1 in 


.9827 


185 


.9573 


260 


. 9328 


335 


0002 


U5 


.9809 


190 


.9556 


265 


.9312 


340 


. 9076 


120 


.9702 


195 


. 9539 


270 


.9296 


345 


. 9061 


1 oc 


. 9775 


200 


. 9523 


275 


.9280 


360 




loU 


. 9758 


205 


.9507 


280 


.9264 


365 


. yuoU 




Table No. B. — Specijic gravity at 60° 


F., 0.850 to 0.966 




60 


1. 0000 


120 


0. 9763 


180 


0. 9532 


240 


0. 9307 


65 


. 9980 


125 


.9744 


185 


. 9513 


245 


. 9289 


70 


. 9960 


130 


.9724 


190 


. 9494 


250 


. 9270 


75 


. 9940 


135 


.9705 


195 


. 9476 


255 


. 9252 


80 


. 9921 


140 


. 9686 


200 


. 9457 


260 


. 9234 


85 


. 9901 


145 


.9667 


205 


.9438 


265 


.9215 


90 


. 9881 


150 


. 9647 


210 


. 9419 


270 


. 9197 


yo 


. 9861 


155 


. 9628 


215 


.9401 


276 


Q17Q 


100 


. 9841 


160 


. 9608 


220 


. 9382 


280 


.9160 


105 


. 9822 


165 


. 9590 


225 


. 9363 


285 


. 9145 


110 


. 9803 


170 


. 9570 


230 


. 9345 


290 


. 9124 


115 


. 9783 


175 


. 9551 


235 


. 9326 


295 


. 9106 


Table No. C. — Weight and volume relations asphaltic materials 


Sp. gr. 


Lbs. 


Sp. gr. 


Lbs. 


Sp. gr. 


Lbs. 


Sp. gr. 


Lbs. 


per gal. 


per gal: 


per gal. 


per gal. 


0. 880 


7. 329 


0. 930 


7. 745 


0. 980 


8. 162 


1. 030 


& 578 


0. 885 


7. 370 


0. 935 


7. 786 


0. 985 


8.203 


1. 035 


&620 


0. 890 


7. 412 


0. 940 


7. 828 


0. 990 


8. 245 


1. 040 


&662 


0. 895 


7. 453 


0. 945 


7. 870 


0. 995 


8. 287 


1. 046 


&704 


0. 900 


7. 495 


0. 950 


7. 911 


1. 000 


8. 328 


1. 050 


a 745 


0. 905 


7. 536 


0. 955 


7. 953 


1. 005 


8. 370 


1. 055 


& 787 


0. 910 


7. 578 


0. 960 


7. 995 


1. 010 


8. 412 


1. 100 


9. 161 


0. 915 


7. 619 


0. 965 


8. 036 


1. 015 


8. 453 


1. 200 


9. 994 


0. 920 


7. 662 


0. 970 


8. 078 


1. 020 


8. 496 


1. 300 


10. 826 


0. 925 


7. 703 


0. 975 


8. 120 


1. 025 


8. 537 


1 400 


11. 659 
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V= TOTAL VOLUME OF TANK 

V * VOLUME OCCUPIED BY LIQUID 

D= DIAMETER OF TANK 

h 3 HEIGHT OF LIQUID IN TANK 




TANK FULL 



TANK ^ FULL ^ =0.949 



TANK I FULL-^ = 0.860 



TANK FULL ^ s 0.748 



TANK I FULL^ =0.626 



TANK ^ FULL ^ = 0 500 



TANK fFULL^= 0.374 



TANK ^ FULL ^ =0-252 



TANK-^ FULL-^r = 0.140 



TANK FULL ^ =0-052 



TANK EMPTY 



TANK DIVIDED INTO 10 PARTS OF EQUAL HEIGHT. (CASE IN WHICH MEASUREMENT 
IS TAKEN WITH AN ORDINARY FOOT RULE.) 

Figure 203.— Content of horizontal cylindrical tanks. 
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Table XLIII. — Contents of cylindrical and ellipticaJf tanks (horizontal) 
(Full capacity in gallons =[. 7854 x dia.« (inches) x length (inches)] 4- 231) 



Percent of dopth 


Percent of capacity 


Percent of depth 


Percent of capacity 


1— filled 


2— unfilled 


la— filled 


2a— unfilled 


l-ftlled 




2— unfilled 




la—filled 


2a— unfilled 


1 


- 


n on 
0. 




OO fiA 


OA 






on TO 
JU. /o 




l9. Ji 


o 


«fo 


o fin 


OO f^A 
«f9« OU 


07 
Zi 


f O 


01 QA 


7fi 1 A 
«o. 14 


o 
O 


OT 


n on 

0. yu 


GO 1 A 
99. 10 


OQ 


TO 


OO nn 
Zo. 00 


TT AA 


A 

4 


ikit 
90 


1. o4 


9o« OD 


on 


f 1 


O/i nT 
z4. 07 


75. 9o 


5 


95 


1. o7 


AQ 1 Q 

9o« lo 


on 
oO 


TA 

70 


OK Ol 

25. ol 


>7J AA 

74. o9 


o 






9«. 55 


Ol 


o9 


OA 4 O 


7o. 52 


7 




o. 07 


Ai^ AO 

9d* 9o 


OO 


OO 


OT AA 
27. DD 


TO Oi 

7Z. 34 


o 
o 


AO 


o. 74 


AiS on 

9o* Jo 


OO 
OO 


o7 


OO QA 

Jo. o4 


Tl 1 6 

71. 16 




•ft 


A /IK. 

4. 4o 


AC 

95. 55 


0/t 


OO 


on AO 
oO. Oo 


AA 07 

d9. 97 


1 A 

10 


OA 


K on 
0« ^0 


A>l fiA 

94. oU 


OfC 
OO 


o5 


Ol 1 A 

ol. 19 


AQ fil 

OO. ol 


11 


89 


0. yo 


Ai4 AO 

94. OZ 


QA 
Ol) 


04 


OO A A 

oJ. 44 


AT 

Of . 5o 


1 o 


fifi 
OO 


A on 
0. oO 


AQ OA 

9o. ZU 


OT 

o7 


OO 


OO AA 
OO. DO 


AA Oil 
OO. 94 


1 o 

lo 


o7 


7. 04 


AO Qfi 
9^* OO 


OQ 
OO 


£0 

oZ 


OA A A 

o4. 90 


AC 1 A 

05. lU 


1 A 

14 


QH 
OD 


Q Rn 
o. 50 


A1 CA 

91. 50 


OA 

o9 


ol 


OA 1 A 
OD. 14 


AO QA 

bo* oO 


15 


oe 
o5 


Ck Ar\ 
9. 40 


AA C A 

90* oO 


>i n 
40 


AA 

oO 


OT OA 

o7. o9 


AO At 

o2. ol 


Id 


Oil 


1 A OO 

10. 


QA lifi 

o9« OO 


A 1 

41 


SA 

59 


OQ HA 

OO. D4 


A1 OC 

ol. 3o 


17 


83 


11. 27 


88. 73 


42 


58 


39. 89 


60.11 


18 


82 


12. 24 


87. 76 


43 


57 


41. 14 


58. 86 


19 


81 


13. 23 


86. 77 


44 


56 


42. 40 


57.60 


20 


80 


14. 23 


85. 77 


45 


55 


43. 66 


56.34 


21 


79 


15. 26 


84. 74 


46 


54 


44. 92 


55. 08 


22 


78 


16. 32 


83. 68 


47 


53 


46. 19 


53. 81 


23 


77 


17. 40 


82. 60 


48 


52 


47. 46 


52. 55 


24 


76 


18. 50 


81.50 


49 


51 


48. 73 


51.27 


26 


75 


19. 61 


80. 39 


50 


50 


50. 00 


50.00 



Columm No. 1 and No. la should be used together to ascertain percentage of capacity filled when less than 

Columns No. 2 and No. 2a should be used together to ascertain percentage of capacity filled when greater 
than 50%. 
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Table XLIV. — Temperature of saturated steam at various gage pressures 



(lbs. per sq. in.) 


Temperature of 
saturated 
steam (°F.) 


Highest temperature 
a liquid can be heated 
in a vessel with heat- 
inir eduiDniAnt 
emcient 


50 


297 


, 

253 


OiJ 


302 

OVA 




BO 


307 






^19 


9A^ 


70 


^1 A 


9AQ 


4 O 




979 


R(\ 
oU 




97f; 


OO 


^97 


97Q 


QO 


OOl 


9A1 
Aox 




00*x 




100 


3^ft 


9R7 




341 

O^x 


9Q0 


110 


34.4. 


9Q9 




347 




120 


350 


298 


125 


353 


300 


130 


355 


302 


135 


358 


304 


140 


361 


307 


145 


363 


309 


150 


366 


311 
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Appendix V 

TABLES AND CHARTS USEFUL IN ESTIMATING, 
CONSTRUCTION, AND LABORATORY WORK 

Table XLV. — Linear feet covered by one ton of aggregate {at various rates oj 

application) 



Width of runway strip 



Pounds pQF square yard 


6 


8 


s 


12 


16 


18 


20 


24 




1 000 


750 


667 

\J\J i 


500 


375 


333 


300 




5-- — - 


600 


450 


400 


300 


225 


200 


180 


160 


7._ 


428 


321 


285 


214 


161 


143 


129 


107 


10 _ 


300 


225 


200 


150 


113 


100 


90 


75 


12-._. 


250 


188 


167 


125 


94 


83 


75 


63 


15 — 


200 


150 


133 


100 


76 


67 


60 


50 


20 


150 


113 


100 


75 


56 


60 


46 


38 


25 - 


120 


90 


80 


60 


46 


40 


36 


30 


30. . 


100 


75 


67 


50 


38 


33 


30 


25 


35 


86 


64 


57 


43 


32 


29 


26 


21 


40 


75 


56 


50 


38 


28 


25 


23 


19 


45 


67 


50 


44 


33 


25 


22 


20 


17 


60 -- 


60 


45 


40 


30 


23 


20 


18 


15 


55 


55 


41 


36 


27 


20 


18 


16 


14 


60 


50 


38 


33 


25 


19 


17 


16 


13 


65 


46 


35 


31 


23 


17 


15 


14 


12 


70 


43 


32 


29 


21 


16 


14 


13 


11 


75 


40 


30 


27 


20 


15 


13 


12 


10 
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Table XLVI.- 



-Pounds of aggregate per square yard required to make various thick- 
nesses of compacted layer 



One cu. yd. of dry aggregate 
in pounds (loose meas- 
ure) 



2,100 
2,200 
2,300 
2,400 
2,500 
2,600 
2,700 
2,800 
2,900 
3,000 
3,100 
3,200 
3,300 
3,400 



Thickness of pavement 



inch 


V* 

inch 


1 inch 


inches 


2 inches 


inches 


3 inches 


3^ 
inches 


37 


56 


74 


112 


149 


186 


223 


260 


38 


58 


77 


115 


154 


192 


231 


269 


40 


60 


80 


119 


159 


199 


239 


278 


41 


61 


82 


123 


164 


205 


246 


287 


42 


63 


84 


127 


169 


211 


253 


295 


43 


65 


87 


130 


173 


217 


260 


303 


44 


67 


89 


133 


178 


222 


267 


311 


45 


68 


91 


136 


182 


227 


273 


318 


47 


70 


93 


140 


186 


233 


279 


326 


47 


71 


95 


142 


190 


237 


285 


332 


48 


73 


97 


145 


194 


242 


291 


339 


49 


74 


99 


148 


197 


247 


296 


345 


50 


75 


100 


151 


201 


251 


301 


351 


51 


77 


103 


154 


206 


257 


309 


360 



Weight per cubic yard compacted is approximately 1.25 times weight per cubic yard loose. 
See par. 120 for method of determining dry-loose unit weight of aggregate. 

Table XLVII. — Cubic yard weights in pounds in ton weight equivalents 



Weight of aggregates in 
pounds per cubic yard 



2,100.. 
2,150.. 
2,200.. 
2,250- 
2,300. _ 
2,350-. 
2,400.. 
2,450-. 
2,500-. 
2,550-. 
2,600„ 
2,650.. 
2,700.. 



Equiva- 
lent 

weight in 
tons 



1. 050 
1. 075 
1. 100 
1. 125 
1. 150 
1. 175 
1. 200 
1. 225 
1. 250 
1. 275 
1. 300 
1. 325 
1. 350 



Fractional 
number of 
cubic yards 
per ton 



0. 952 
0. 930 
0. 909 
0. 888 
0. 869 
0. 851 
0. 833 
0. 816 
0. 800 
0. 784 
0. 769 
0. 754 
0. 740 



Weight of aggregates in 
pounds per cubic yard 



2,750 

2,800 

2,850 

2,900 

2,950 

3,000 

3,050 

3,100 

3,150 

3,200 

3,250 

3,300 



Equiva- 
lent 

weight in 
tons 



Fractional 
number of 
cubic yards 
per ton 



1. 375 


0. 727 


1. 400 


0- 714 


1. 426 


0. 701 


1. 450 


0. 689 


1. 476 


0. 677 


1. 500 


0. 666 


1. 525 


0. 655 


1. 550 


0. 645 


1. 575 


0. 635 


1. 600 


0. 625 


1. 625 


0. 615 


1. 650 


0. 606 
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Table XLVIII. — Broken stone 
(Lbs. per cu. yd.) 



Kind 


Specific 
gravity 


Spread 
loose (45% 
voias^ 


Compact- 
ed (30% 
voias^ 


Kind 


Specific 
gravity 


Spread 
loose (45% 
voids) 


Com- 
pacted 
(30% 
voids) 


Trap. - 


2. 8 


2,590 


3, 300 


Limestone 


2. 6 


2,400 


3,060 




2. 9 


2, 680 


3, 420 




2. 7 


2, 500 


3, 180 




3. 0 


2, 770 


3, 540 




2. 8 


2, 590 


3,300 




3. 1 


2, 870 


3, 650 


Sandstone 


2. 4 


2, 220 


2,830 


Granite 


2. 6 


2, 400 


3, 060 




2. 5 


2, 310 


2, 940 




2. 7 


2, 500 


3, 180 




2. 6 


2, 400 


3, 060 




2. 8 


2, 590 


3, 300 




2. 7 


2, 500 


3, 180 



Table XLIX. — Cubic yards per mile 



width (feet) 


Thick- 


Cubic yards 


Width (feet) 


Thick- 


Cubic yards 


ness 
(inches) 


100 feet 


1 mile 


ness 
(inches) 


100 feet 


1 mile 


9 - 


2 


5. 55 


293 


16 


2 


9. 88 


522 




2}i 


6. 95 


367 




2^ 


12. 35 


652 




3 


8. 33 


440 




3 


14. 82 


782 




4 


11. 10 


587 




4 


19. 76 


1,043 




6 


16. 66 


880 




6 


29. 64 


1, 564 




7 


19. 43 


1, 027 




7 


34. 58 


1,825 




8 


22. 20 


1, 173 




8 


39. 32 


2,086 




9 


25. 00 


. 1,320 




9 


44. 46 


2,347 


15 


2 


9. 20 


489 


20 


2 


12. 35 


652 




2^2 


11. 57 


611 




2% 


15. 44 


815 




3 


13. 89 


733 




3 


1& 50 


978 




4 


18. 42 


978 




4 


24. 70 


1,304 




6 


27. 78 


1,467 




6 


37.00 


1, 956 




7 


32. 30 


1,711 




7 


43. 20 


2,281 




8 


37. 04 


1, 956 




8 


49. 40 


2,607 




9 


41. 70 


2, 200 




9 


55. 54 


2,933 
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Table L. — Square yards per 100 feet and per mile for different width of surface 



Width in feet: 

8 

10 

12 

14 

15 

16 

18 

20 

22 

24 



Number of square yards 



Ppr 100 feet Per mile 



88. 889 
111. Ill 

133. 333 
155. 556 
166. 667 
177. 778 
200. 000 
222. 222 
244. 444 
266. 667 



4, 693 

5, 867 

7, 040 

8, 213 

8, 800 

9, 387 

10, 500 

11, 734 

12, 907 
14. 080 



Width in feet 

2() 

28 

30 

32 

34 

36 

38 

40 

42 

44 



Number of square yards 



Per 100 feet Per raile 



288. 


889 


15, 253 


311. 


111 


16, 427 


333. 


333 


17, 600 


355. 


556 


18, 773 


377. 


778 


19, 947 


400. 


000 


21, 120 


422. 


222 


22, 293 


444. 


444 


23, 466 


466. 


667 


24, 640 


488. 


889 


25, 813 



Table LI, — Miles and tenths reduced to feet 



Miles 


1.0 


1.1 


1.2 


1.3 


1.4 


1.5 


1.6 


1.7 


1.8 


1.9 


0.1 


Fe«t.._... 


6,280 


5,808 


6, 336 


6, 864 


7, 392 


7, 920 


8,448 


8. 976 


9,504 


10,032 


528 


Miles..., __ 


2.0 


2. 1 


2.2 


2.3 


2.4 


2.5 


2.6 


2.7 


2.8 


2.9 


0.2 


Feet 


10, 560 


11,088 


11,616 


12, 144 


12, 672 


13,200 


13, 728 


14, 256 


14, 784 


15, 312 


1,056 


Miles - 


3.0 


3.1 


3.2 


3.3 


3.4 


3.5 


3.6 


3.7 


3,8 


3.9 


0.3 


Feet.. 


15, 840 


16, 368 


16, 896 


17, 424 


17, 952 


18, 480 


19, 008 


19, 536 


20. 064 


20, 592 


1,584 


Miles...... 


4.0 


4. 1 


4.2 


4.3 


4.4 


4.5 


4.6 


4.7 


4.8 


4.9 


0.4 


Fcet_..,„_ 


21,120 


21,648 


22.176 


22. 704 


23. 232 


23,7fK) 


24, 288 


24,816 


25, 344 


25,872 


2,112 


Miles 


5.0 


5. 1 


5.2 


5.3 


5.4 


5.5 


5.6 


5.7 


5.8 


5.9 


0.5 


Feet-.-^--. 


26. 400 


26, 928 


27, 456 


27. 984 


28. 512 


29,040 


29, 568 


30, 096 


30, 624 


31, 152 


2, 644 


Miles 


6.0 


G. 1 


6.2 


6.3 


6.4 


6.5 


6. 6 


6.7 


6.8 


6.9 


0.6 


Feet..,-... 


31,680 


32, 208 


32, 736 


33, 264 


33, 792 


34,320 


34, 848 


35, 376 


35,904 


36, 432 


3,168 


Mil3s.___.. 


7.0 


7.1 


7.2 


7,3 


7.4 


7.5 


7.6 


7.7 


7.8 


7.9 


0.7 


Feet..,_._. 


36,9G0 


37, 488 


38,016 


38, 544 


39, 072 


39,600 


40, 128 


40. 656 


41, 184 


41,712 


3, 696 


Miles 


8.0 


8.1 


8.2 


8.3 


8.4 


8.5 


8.6 


8.7 


8.8 


8.9 


0.8 


Fect_....,_ 


42. 240 


42, 768 


43, 296 


43, 824 


44, 352 


44,880 


45, 408 


45, 936 


46. 464 


46, 992 


4, 224 


Miles 


9.0 


9. 1 


9.2 


9.3 


9.4 


9.5 


9.6 


9.7 


9.8 


9.9 


0.9 


Feet 


47, 520 


48, 048 


48, 576 


49, 104 


49, 632 


50, 160 


50,688 


51, 216 


51.744 


52, 272 


4, 752 
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Tablb LH. — Temperatures 
(Fahrenheit and Centigrade) 







0. 


F. 


0. 


F. 


c. 


F. 


-29 


-20. 2 


15 


59. 0 


59 


13a 2 


169 


336.2 


-28 


-ia4 


16 


60. 8 


60 


140. 0 


170 


33a 0 


-27 


-16. 6 


17 


62. 6 


61 


141. 8 


171 


339.8 


-26 


-14. 8 


18 


64. 4 


62 


143. 6 


172 


341.6 


-25 


-13. 0 


19 


66. 2 


63 


145. 4 


173 


343. 4 


-24 


-11. 2 


20 


6a 0 


64 


147. 2 


174 


345.2 


-23 


-9. 4 


21 


69. 8 


65 


149. 0 


175 


347.0 


-22 


-7. 6 


22 


71. 6 


66 


150. 8 


176 


348 8 


-21 


-6. 8 


23 


73. 4 


100 


212. 0 


177 


350. 6 


-20 


-4. 0 


24 


75. 2 


121 


249. 8 


178 


352.4 


-19 


-2. 2 


25 


77.0 


135 


275. 0 


179 


354.2 


-18 


-0. 4 


26 


7a 8 


136 


276. 8 


180 


356.0 


-17 


+ 1.4 


27 


80. 6 


137 


27a 6 


181 


357.8 


-16 


3. 2 


28 


82. 4 


138 


280. 4 


182 


359.6 


-15 


6. 0 


29 


84. 2 


139 


282. 2 


183 


361.4 


-14 


6. 8 


30 


86. 0 


140 


284. 0 


184 


363.2 


-13 


a 6 


31 


87. 8 


141 


285. 8 


185 


365.0 


-12 


10. 4 


32 


89. 6 


142 


287. 6 


186 


366.8 


-11 


12. 2 


33 


91. 4 


143 


289. 4 


187 


368 6 


-10 


14. 0 


34 


93. 2 


144 


291. 2 


188 


370.4 


-9 


15. 8 


35 


95. 0 


145 


293. 0 


189 


372. 2 


-8 


17. 6 


36 


96. 8 


146 


294. 8 


190 


374.0 


-7 


19. 4 


37 


9a 6 


147 


296. 6 


191 


375. 8 


-6 


21. 2 


38 


100. 4 


148 


29a 4 


192 


377.6 


-5 


23. 0 


39 


102. 2 


149 


300. 2 


193 


379.4 


-4 


24. 8 


40 


104. 0 


150 


302. 0 


194 


381.2 


-3 


26. 6 


41 


105. 8 


151 


303. 8 


195 


383.0 


-2 


28. 4 


42 


107. 6 


152 


305. 6 


196 


384.8 


-1 


30. 2 


43 


109. 4 


153 


307. 4 


197 


386. 6 


0 


32. 0 


44 


111. 2 


154 


309. 2 


198 


38a 4 


+ 1 


33. 8 


45 


113. 0 


155 


311. 0 


199 


390. 2 


2 


35. 6 


46 


114. 8 


156 


312. 8 


200 


392.0 


3 


37. 4 


47 


116. 6 


157 


314. 6 


201 


393.8 


4 


39. 2 


48 


iia 4 


158 


316. 4 


202 


395.6 


5 


41. 0 


49 


120. 2 


159 


3ia 2 


203 


397.4 


6 


42. 8 


50 


122. 0 


160 


320. 0 


204 


399.2 


7 


44. 6 


51 


123. 8 


161 


321. 8 


205 


401. 0 


8 


46. 4 


52 


125. 6 


162 


323. 6 


260 


500. 0 


9 


48. 2 


53 


127. 4 


163 


325. 4 


288 


550. 4 


10 


50. 0 


54 


129. 2 


164 


327. 2 


320 


6oao 


11 


51. 8 


55 


131. 0 


165 


329. 0 


370 


698 0 


12 


53. 6 


56 


132. 8 


166 


330. 8 


430 


806. 0 


13 


56. 4 


57 


134. 6 


167 


332. 6 


480 


896.0 


14 


57. 2 


58 


136. 4 


168 


334. 4 
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Table LIII. — Weights of materials 



Material 



Weight per 
cubic foot 
(pounds) 



Material 



Weight per 
cubic foot 
(pounds) 



Aluminum : 

Cast 

Wire 

Asphaltum 

Brass 

Brick 

Bronze 

Coal: 

Anthracite 

Bituminous 

Charcoal 

Concrete: 

Reinforced 

Stone 

Copper, cast 

Crushed — 

Gravel 

Granite 

Limestone 

Earth: 
Clay: 

Dry, compact 

Damp, plastic 

Common — 

Loose, dry 

Moist, rammed 

Loam 

Mud, wet: 

Fluid 1 

Pressed 

Sand: 

Pure quartz, dry: 

Loose 

Rammed 

Natural, loose 



160 
168 
69-94 
510-542 
110-130 

545- 555 

97 
84 
17-35 

150 
140-150 

546- 558 

95^104 
90 
94 



100 
110 

70 
100 
65-88 

104-120 
110-130 



87-106 
100-120 
80-110 



Earth — Continued 
Sand — Continued 

Wet 

Gravel, clay mixed 
Compact, dry. 
Wet 

Gravel: 

Loose 

Rammed 

Ice 

Iron: 

Grey cast 

Wrought 

Lead J 

Lime 

Masonry: 

Mortar rubble 

Dry rubble 

Rock: 

Granite 

Gravel, clean 

Shale 

Soapstone 

Trap 

Salt 

Snow: 

Fresh fallen 

Wet compact 

Steel 

Tin 

Water: 

Fresh 

Sea 

Zinc 



118-128 

100 
115 

82-125 
90-145 
56 

439-445 
487-492 
710 
63-75 

155 
125 

125-187 
100 
162 
162-175 
187-190 
129-131 

6-12 
15-20 
474-494 
455 

62. 4 
64. 0 
438 
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Table LIV. — U. S. standard sieve dimensions 



Bureau of 
Standards 


Specified sieve opening 


Specified wire diameter 


sieve 
number 


Inches 


Millimeters 


Inches 


Millimeters 


4 


0. 187 


4. 76 


0. 050 


1. 27 


5 


. 157 


4. 00 


. 044 


1. 12 


6 


. 132 


3. 36 


. 040 


1. 02 


7 


. Ill 


2. 83 


. 036 


. 92 


8 


. 0937 


2. 38 


, 0331 


.84 


10 


. 0787 


2. 00 


. 0299 


. 76 


12 


. 0661 


1. 68 


. 0272 


.69 


14 


.0555 


1. 41 


. 0240 


. 61 


16 


. 0469 


1. 19 


. 0213 


. 54 


18 


. 0394 


1. 00 


.0189 


. 48 


20 


. 0331 


. 84 


. 0165 


. 42 


25 


. 0280 


. 71 


. 0146 


. 37 


30 


. 0232 


. 59 


.0130 


. 33 


35 


.0197 


. 50 


.0114 


. 29 


40 


. 0165 


. 42 


. 0098 


. 25 


45 


.0138 


. 35 


. 0087 


.22 


50 


.0117 


. 297 


. 0074 


. 188 


60 


. 0098 


. 250 


. 0064 


. 162 


70 


. 0083 


. izio 


. 0055 


. 140 


80 


.0070 


. 177 


. 0047 


. 119 


100 


. 0059 


. 149 


.0040 


. 102 


120 


.0049 


. 125 


.0034 


. 086 


140 


. 0041 


. 105 


. 0029 


. 074 


170 


.0035 


. 088 


. 0025 


. 063 


200 


. 0029 


.074 


. 0021 


. 053 


230 


. 0024 


. 062 


. 0018 


. 046 


270 


.0021 


. 053 


. 0016 


. 041 


325 


. 0017 


. 044 


. 0014 


.036 
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Table LV. — Approximate round and square opening equivalents for testing sieves 





Round oponings 
(inches) 


4 




3^ 


4'4 


3}4 


4>4 


3^i« 


4 


3^ 


• 3^i 


3 




2% 




2% 


3 


2H 


2?i 


2H 


2)^ 


2 


2% 


1% 


2>4 


ly* 


2 




l'/4 




IH 




1% 


1 




% 


1 


y* 




% 






% 


% 




Ms 




y* 




?1, (No. 4) 




%2 (No. 5) 


'/l6 


%2 (No. 8) 





Adapted from Table S, Simplified Practice Bulletin R 163-36 "Coarse Aggregates," published by the 
United States Department of Commerce. Numbered sieves are those of U. S. Standard Sieve Series. 
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Table LVI. — How to caUiiUitc ouhiv content of toindrows. 




To calculate cross-sectional area and volume 
in a vrindrow: 

Steps: (1) Tbke measurements and C* 

(2) A 3c B = area of rectangular center 



part* 

(3) C X B = area of both triangular 

side parts* 

(4) (A X B)+(C X B) s Total cross- 

sectional area of windrow* 

(5) Volume in cu# ft* of a windrow 

is obtained by imilti plying 
cross-sectional area in sq« ft* 
by length in ft* 



Examples (1) By measurement A ■ 2 ft*^ 



B • 2 ft*, C : 1 ft* 

(2) A X B = 2 X 2 = 4 sq* ft* 

(3) C X B = 1 X 2 = 2 sq. ft* 

(4) (A X B)-^(C X B) -4+2= 6 sq* ft* 

cross-sectional &rea# 

(5) This windrow contains 6 cu« ft* 

of volume for each ft* of length* 
If the windrow is 1200 ft. long^ 
the volume is 6 x 1200 » 7200 cu. 
ft* 
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FORMULAS 

a. For Gomimting yolumes of earthwo A :. 

(A^+AQ L 
^ 2 ^27 

Where 

y= Yoltime of cut or All in cubic yarda. 
/it= area of cross section at one end in square feet 
As'^ area of cross section at other end in square feet 
L= distance between end sections in feet 

b. For transportation of earth, gravel or crushed rock: 

" XC 



"+7 



Where 

0= cubic yards, place measure, moved per hour: 

h= length of haul in feet 

(7»= cubic yards moved per load. 

rs= rate of vehicle in feet per minute (normally about 2D0 for animal 

drawn vehicles ; 700 for trucks) . 
4= minutes during which vehicle is not in motion (loading, unload! 

waiting), 
a Volume of conical crater: 



12 

Whm 

V— volume in cubic yards. 

22 

3«1416 or aK>rozimately. 
7 

D= distance across crater in yards, 
depth of crater in yards. 
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Table LVIII. — Storage capacity%urve8. 



3200 



0 2 4 6 e 10 12 14 f6 18 20 22 24 26 28 30 32 ^^^^ 




8 10 12 14 16 18 20 22 24 26 28 30 32 
HEIGHT OF RLE IN FEET-H 

EXPLANATION 

a. Storage capacity of a conical pile, — Enter the chart on the horizontal line at 
the bottom and mark off the height of the pile in feet. Then proceed upward 
vertically to the point where the proper curve intersects this vertical line. Pro- 
ceed horizontally from this point of intersection to the column at the left and 
lead capacity in tons. For example, a 24-foot-higli conical pile of gravel will hold 
1,770 tons. (See arrow and dotted line on chart) 
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6. Storage capacity of trlangi^iar pile (fig. 204). — Tlie two ends form one 
conical pile. The capacity of this can be determined as iii a above. The inter- 
mediate pile can be figured from the "eaiiacities per foot of storage" curves 
on the chart. Mark off the lieight of the pile in feet along the horizontal line at 
the top of the chart. Then, pr(»ceed vertically downward from this point to 
intersect a downward curving line (group of 2 curves marked "capacities per 
foot of storage'') for the proper material. From this point of intersection, pro- 
ceed horizontally to the last cohimn at the right and read the number of tons 
per linear foot of storage. For example, a pile of sand 22 feet high will have 
28.8 tons per foot of storage. (See arrow and dotted line on chart.) This 
answer, multiplied by the number of linear feet in the intermediate section 




Figure 204. — Storage capacity curvi^s. * 

of the pile, will be the total weight of the material in this section. If the 
weight of the material in the conical section is added to that for the inter- 
mediate section, the result will be the capacity of the entire pile. 

c. CoiHpHtiiu/ base dinuiision— The third set of curves on the chart are the 
"base (Iimensi(»n" curves. By theii- use il is possible to find the width of the 
base of a pile if its height is known. To use them entt^r the chart from the point 
corresponding to the number of feet in the height of the pile. Then, move 
vertically upw^ard on this line to intersect the proper "base dimension" line. 
Next, move horizontally from the point of intersection to the tir'st column at 
the right and read the wndth in feet of the base of the iiile. For example, a 
pile of gravel 22 feet high will extend over a base area 03 feet wide. If it is 
a conical pile, 03 feet is the diameter of the circuhir area at its base. (See 
arrow and dotted line on chart.) 
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Table LIX. — Approximate quantity of surface water carried by average aggregates 



Aggrof^ate 



Gallons per 
cubic foot 



Very wet sand 

Moderately wet sand 

Moist sand 

Moist gravel or crushed rock 



%to 1. 
About )4. 
About 
Do. 



Table LX. — Quantity of materials in concrete mixes 



Mix by volume job damp materials 


Materials per cubic yard of concrete 


(on. ft) 


Cement 
(sadn) 


Sand 
(ou. ft.) 


Stone 
(cu. ft.) 


1: 1W:2 


9. 6 


12. 0 


19. 1 


2. 82 


1:1)4:3 


7. 6 


11. 4 


22. 8 


3.55 


1:2:3 


7. 1 


14.2 


21.3 


a 82 




6. 5 


13. 0 


22. 7 


4. 16 


I:2:4_-_ 


6.0 


12. 0 


24. 0 


4.47 


1:2.2:3 


6. 8 


15.0 


20. 4 


a 97 


1:2.2:3.5 


6. 3 


13. 9 


22.2 


4.26 


1:2.6:3 


6.5 


16. 1 


19. 4 


4. 18 


1:2.5:3.5 


6. 0 


15.0 


21. 0 


4.49 


1:2.5:4 


5. 6 


14.0 


22. 4 


4.83 


1:2.5:5 


5. 0 


12. 5 


25. 0 


5.43 


1:3:5 


4. 7 


14. 1 


23. 5 


5.76 


1:3:6 


4. 2 


12. 6 


25. 2 


6.38 


l:3>i:4 


6. 2 


16. 2 


20. 8 


5. 21 


l:3>i:5 


4. 6 


14. 5 


23. 2 


5.82 


l:3%:5 


4. 3 


16. 0 


21. 4 


6.32 


1:3%:6 


3. 9 


14. 7 


23. 5 


6.89 


1:1% 


15. 5 


23. 3 




1.77 


1:2 


12. 8 


25. 6 




2. 13 
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Table LXI. — Concrete mixes 



WEIGHT CORRECTION 
FACTORS 


SR 6RAV. 


FACTOR 


9 on 




2.85 


1.07 


2.80 


1.06 


2.75 


1.04 


2.70 


1.02 


2.65 


1.00 


2.60 


0.98 


2.55 


0.96 


2.50 


0.94 


2.45 


0.92 


2.40 


0.90 
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EXPLANATION 

The chart is used for rapidly proportioning and checking concrete mixes. For 
example, a mix is to be prepared using six ^acks of cement per cubic yard of 
concrete and having a water-cement ratio of 5.5 gallons per sack. Fine aggre- 
gate is sand with a specific gravity of 2.60. Coarse aggregate is gravel with a 
specific gravity of 2.70. A mix using 40 percent sand and 60 percent gravel is 
selected for trial. Weight proportions for this trial mix are found as follows: 

a. Place a straightedge at 6 sacks per cubic yard and at 5.5 gallons per sack 
and project a line to intersect line N. 

6. Place a straightedge at the intersection on line N and at 40 percent for 
sand and project to iptersect line A, in this case 218 pounds sand. 

c. Place a straightedge at the same intersection on line N and at 60 percent 
for gravel and project to intersect line A, in this case 325 pounds gravel. 

d. The weights of sand and gravel are corrected for specific gravity by mul- 
tiplying by the **weifeht correction factor" for the respective specific gravities as 
follows: 

Sand=218X0.98=214 pounds 
Gravel=32CX 1.02=332 pounds 

e. The proportions for the trial mix per sack of cement are — 

5.5 gallons water: 1 sack (94 pounds) cement: 214 pounds sand; 332 pounds 
gravel. 

f. The proportions in a batch using four sacks of cement, for exan^le, are 
obtained by multiplying by 4 : 

22 gallons water : 4 sacks cement : 856 pounds sand ; 1,328 pounds gravel. 

A few trial batches are prepared using these proportions. Subsequent adjust- 
ments are made as needed until a satisfactory mix is obtained by chhnging the 
percentages of sand and gravel and recomputing their weights as above. 



Table LXII. — Sizes of wire nails 



Size 



2d. 
3d. 
4d. 
5d. 
6d. 
7d. 
8d- 
9d. 
lOd 
12d 
16d 



Length 
(inciies) 



1 

1% 

2 

2H 
2% 
3 

3/4 

3/2 



Number 

per 
pound 



900 
615 
322 
250 
200 
154 
106 
85 
74 
57 
46 



size 


Length 
(inches) 


Numbo' 

per 
pound 


20d 


4 


29 


30d 




23 


40d 


5 


17 


50d 


5K 


m 


60d... 


6 


mi 


70d - 


7 


7 


80d 


8 


6 


90d 


9 


5 


lOOd 


10 


4 


120d___ - 


12 


3 
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Appendix VI 
BIBLIOGRAPHY 
Note. — ^These publications are recommended for use by aviation engineers. 

1. Military, — a. Field Manuals. 

Reference Data, Administration FMl-55 

Troops and Operations FM5-^ 

Communications, Construction, and Utilities FM5-10 

Field Fortifications ^ FM&-15 

Camouflage - FM5-20 

Explosives and Demolitions . FM5-25 

Engineer Antimechanized Measures FM5-30 

Reference Data FM5-35 

Military Training FM21-5 

Elementary Map and Aerial Photograph Reading FM 21-25 

Advanced Map and Aerial Photograph Reading FM 21-26 

Defense Against Chemical Attaclc FM 21-40 

Identification of U. S. Government Aircraft FM 30-30 

Field Service Regulations— Larger Units FM 100-16 

6. Technical Manuals. 

Electrical Fundamentals TM 1-455 

Topographic Drafting TM 5-230 

Surveying TM 5-235 

Aerial Photography TM 5-240 

Protective Concealment for Airdromes and Other Fixed Installations— TM 5-266 

Materials for Protective Concealment TM 5-269 

Construction in the Theater of Operations . TM 5-280, TM 5--281 

Water Supply and Water Purification TM 5-295 

Military Protective Construction TM 5-310 

c. Maintenance manuals and parts catalogs. — ^Manuals covering operation, 
repair, and lubrication of each item of engineer equipment and containing a 
parts list are furnished by equipment manufacturers. If copies of these manuals 
do not accompany equipment, they may be obtained from Spare Parts Branch, 
Engineer Supply Section, Columbus Quartermaster Depot, Columbus, Ohio, by 
requisition giving basis of equipment issue. 

2. Technical. 

66. Engineering Manual, Corps of Engineers. 

6. Airport Design Information!, Civil Aeronautics Administration. 

c. Airport Construction Specifications^ Civil At»ronuutics Administration. 

d. Specifications for Construction of Roads and Bridges, FP-41, Public Roads 
Administration. 
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e. Standard Specifications for Highway Materials and Methods of Sampling 
and Testing J American Association of State Highway Officials, National Press 
Building, Washiugton, D. C. 

3. Textbooks (available by purchase). 

a. Engineering Properties of Boil, by i\ A. Hogentogler. McGraw-Hill, New 
York. 

6, Highway Design and Construction, by Bruce. International Textbook Co., 
Scranton, Pa. 

c. Highway Engineer's Haitdhook, by Harger and Boniiey. McGraw-Hill, New 



d. Highway Materials, by Bauer. McGraw-Hill, New York. 

e. Plain Concrete, by Bauer. McGraw-Hill, New York. 

4* Trade association publications (available by request). 
a. Cement construction. 

(1) Design and Control of Concrete Mixtures. Portland Cement Association, 
Chicago. 

(2) Boil-Cement Roads (Construction Handbook) and BoilrCement Mixtures 
(Laboratory Handbook)^ Portland Cement Association, Chicago. 

(3) Manuals on Design, Construction and Inspection of Concrete Pavements 
for Roads and Airports. 

h. Asphalt construction. 

(1) Asphalt Pocket Reference for Highway Engineers. The Asphalt Institute, 
801 Second Ave., New York, or 100 Bush St., San Francisco. 

(2) Asphaltic Pavements for Airports. The Asphalt Institute, 100 Bush St^ 
San Francisco. 

c. Drainage. 

(1) Airport drainage. Armco Drainage Products Association, Mid^letown, 
Oliio. 

(2) Bulletins on drainage may also be obtained from American Concrete Pipe 
Association, 33 W. Grand Ave., Chicago. 

5. Other (available by request). 

a. Equipment. — ^BuUetins may be obtained directly from equipment manufac- 
turers. 

h. Tar construction. — BuUeti s may be obtained directly from manufacturers 
of tar products, such as The Barrett Road Book, The Barrett Co., 40 Rector St., 
New York, and Tarmac Handbook, the Koppers' Co., Pittsburgh, Pa. 

c. Construction methods and materials. — Materials and Methods for Military 
Airport Construction. Barber-Greene Co., Aurora, 111. 
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Admixtures: Paragraph Pag» 

For concrete--- 115d, 123* 201, 224 

General 63c (2) (c) 100 

Advanced landing field, definition 5/ 5 

Aerial mines 130c 237 

Aerial photographs in site selection 59a 75 

Aerial photographs, use of for soil information 10, app. Ill 853 

Aerial survey 59a 75 

Aggregate (see also Base courses; Surface courses) tables XXXVI- 

LXII 899 

Plant for production of 27 17 

Air base, definition-— 5a 5 

Air compressor tools, description 30 18 

Air force: 

Aviation engineer organization in fig. 2 8 

Engineer 11 11 

Engineer staff functions in 8, 96 7, 9 

Air service command engineer 10 10 

Airborne attack against airdromes 145 258 

Airborne engineer aviation units: 

Equipment 205 321 

General 202 818 

Mission 203 318 

Organization 204 320 

Training 206 322 

Aircraft: 

Dimensions table XXX 335 

Identification app. II 332 

Revetments 139 252 

Airdrome: 

Alternate, definition 5d 5 

As aerial targets 165 268 

Auxiliary, definition 6a 5 

Base, definition 5a 5 

Camouflage 161-201 267 

Construction, duties of aviation engineers in 3 4 

Defense (see also Defense of airdromes) 3e 5 

Definition 5 5 

Dispersed, definition 56 5 

Field, definition 5c 5 

Lay-out 55-68 74 

Location 48 58 

Maintenance 124-128 229 

Planning 55-68 74 

Site reconnaissance 50 69 

Site selection 47-54 68 
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Paragraph Page 

Airfield, definition 5 5 

Analysis of soil characteristics 39-48, app. Ill 374 

Angle of 0ide, definition 5k 6 

Approach zone 5^, 51e, 60c 6, 64, 77 

Apron 5n, 60^^ 6, 8ii 

Asphalt (see also Bituminous materials): 

Heavy construction set for 28 17 

Stabilization . 886 146 

Tables app. IV 399 

Asphaltic concrete base 89 146 

Attack, forms of against airdromes 145 258 

Backfill, trenches 62/, 766 94, 123 

Backfilling craters . 1 276 236 

Bar-and-rod runway mats. (See Steel runway mats.) 

Base airdrome 6a 5 

Base courses 85-99 137 

Aggregate gradation 90e 147 

Bearing ratio of 90a, 6 147 

Binder for 9Qg 147 

Compaction requirements 90c 147 

Construction. 85-99 137 

Definition 63a (4) 97 

Priming 90h 147 

Purpose of 86 144 

Requirements for, general 90 147 

Requirements for, specific 91-99 148 

Summary 85 137 

Technical control 89 146 

Thickness requirement 90d 147 

Types 91-99 148 

Asphaltic concrete 99 170 

Bituminous penetration macadam 98 168 

Bituminous stabilized 95 161 

Cement stabilized 94 156 

Crushed gravel 93 l54 

Crushed rock - 93 154 

Dry macadam 96 164 

r -avel 93 154 

Felect borrow ; 91 148 

Stabilized soil 92 l50 

Waterbound macadam 97 l66 

Bearing ratio (California) 63a (7); 46, app. Ill 98, 386 

Binder, for bases . „ , 87, 90fif 144, 147 

Bitumen. (See Bituminous materials.) 
Bituminous materials: 

Application, surface courses . 1206, table XXXVIII 209, 402 

Blending and thinning . 1156(2) 200 

Definition 1156 199 

Determination curves for mixtures 118c 206 

Emulsification 1156(3) 200 
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Bituminous materials — Contmued. 


Paragraph 


Page 


Emulsion paint ^ 


1866(4) 


289 


Equipment for distributing 


24a 


16 




118 


204 


Tables 


app. IV 


399 


Bituminous penetration macadam 


98 


168 


Bituminous i>remix 


126/ 


232 


Bituminous stabilized base 


95 


161 


Bivouacs, camouflage of _ . 


178 


281 


Blanket course- - . _ 


63c 


100 


Blast and splinter resistant construction. 


134 


238 


Bogs,-- . ^ - _____ 


63g(2) 


106 


Bomb craters - -. 


1276 


236 


Bomb storage at field airdromes . 


656 


108 


Bombs: . 






Aerial mines--. 


. 130c 


237 


Blast effect----^ 


1366 


242 


Earth shock 


1366 


242 


Fragments 


1366 


242 


Gas - - -- 


. 130d 


237 




. 130o 


237 


Incendiary 


1306 


2X7 


Buildings at field airdromes - - _ - 


65 


106 


Burlap, camouflage 


184d 


284 


Calcium chloride 


88d, 1216, 123*, 126A 


146, 218, 
224. 235 


California bearing ratio, soils 


46, app. Ill 


386 


Camouflage, general: 






Duties of engineer aviation units in airdrome construction.. 3d 


4 


Engineer camouflage battalion, air force 


16 


11 


Camouflage of airdromes. _ . 


162-201 


267 


Airdromes as targets _ _ - 


163 


267 


Color, importance of _ _ 


- 165e 


268 




283 


Definition 


163 


267 


Disci] Jine during construction . < ,_ . 


178-182 


281 




175 


280 


Lighting-- — - - - - 


176 


280 


Moving into bivouac . 


.- 178 


281 


Materials: 






Chicken feathers 


184d 


284 




184c 


284 


Nets - 


184 


283 


Oleoresinous paint . 


1866 


288 


Osnaburg ^ 


184d 


284 


Paints - 


186 


288 


Plans for, general . _ 


- 168-177 


275 


Preservation of natural plant materials . 


172 


276 




164 


267 




173 


276 




167 


269 
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Camouflage of airdromes — Continued. Paragraph Fuge 

Taxiways 174 280 

Texture, definition 165d 268 

Texturing, method 186 286 

Camouflets 1276 236 

Casagrande soil classification... fig. 67; 15, app. Ill; table XXXII 102, 

357,358 

Cement ■_ 946, 1 15c 156, 201 

Cement stabilised base course 94 166 

Channeb. (See Drains.) 

Chemical storage 656 108 

Chicken feathers 184d 284 

Chicken wire 184c 284 

Clamshell, uses of 21c 14 

Clay (see also Soils) 8, app. Ill 850 

Cleared zone, runway: 

Criteria — ^ — 60c 77 

Definition. 5a 5 

Cleared sone, taxiway 6Qf 82 

Clearing: 

Methods 75 119 

Topping 5U 64 

Coefficient of uniformity 18, app. Ill M2 

Cohesion of soils 87 144 

Collective protector . 1376 261 

Communications 3c 4 

Compaction: 

Control of 27, 47, app. Ill 367, 387 

Equipment for 23 15 

Fills 77c 131 

Subgrade 63c 100 

Surface courses (see also Surface courses; Base courses) 120^ 217 

Compaction of soils 23-27, app. Ill 866 

Concrete: 

Construction for surface courses 128 222 

Equipment for, general 29 18 

Table for mixes — _ table LX 422 

Tests and proportions 60, app. Ill 892 

CJonstruction operations 69-84 118 

CJontour interval 596 76 

Control tower - 65c 112 

Crane, tractor-operated — 33/ 19 

Craters. . 1276 236 

Culverts 616,62e,766 88,94,123 

Cutback asphalt, definition (see also Bituminous materials) 1 156 199 



Decoy planes 195 

Defense of airdromes - ^ 141-160 256 

Alarm and observation system 153 262 

Aviation engineers, role of 144 257 

Chemical attack 147 258 

Communications 153c 262 

Damage control.. . .Dri^nHl f roM^ 266 
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T^i^prifle of AiTdrnrnAfl — Continued^ 






Demolitions 


160 


266 


Plexibilit.v ftnd mobilitv 


151 




Ground org&nizAtion 


156 


263 


Inuuobiliz&tion of vehicles 


158 


265 


Ot>atfliCle8 use of 


155/ 


264 




152 


260 


ResDonsibilitv 


142 


256 


SAboi;^^^ 


146 


258 


TrooDs available 


143 


267 


Dpmolition of Airdromes 


160 


266 


Density. fSee Comoaction.) 






Disoeraed airdrome 






DisDorsion 


51c 


62 


DlfltriblltOF IIAT)llA.1t 






Di'fy^ViAci (f^f^ DrAiTiflL^ 






Drafirline uses of 


21e 


14 


DpftinAflTA* 








76 




Effect of soil on 


62a 


88 


PjoiiiDTTiPTit used 


26 


17 


l<Vost action in soil orevention 


31 at>D III 


868 


Alaintenance 


126c 


230 


PiirTinse 


61a 


oo 


FieenfLflre • 


61c 76b 


88 12.^ 

00| X Aril 


St^i*i Tiers 


61c 76& 


88 123 


Hi 1 bd Ti A cA 


!^^h(^\ fi2f 


61 Q4 


Subsurface for oavements 


51-55 aOD III 


397 






ftl 5^5^ 


Surface water, ouantitv 


62i2 


91 

vX 


'jL thXlXO* 






BackfillinflT 




04 12.^ 


Blind 


61c 


oo 


Caoacitv of 


626 


94 


Concealment - 


766 


123 


r^nnatnifttioTi of 


76 


12?t 


^"^V^vAnAd 


62r 


00 


Deotli of cover 


62ff 


97 


Desicm 


62 


88 

oo 




61r 


oo 


Orade of 


Q2c 


90 


Tnt^reeotini? 


616 61c 


88 

oo 




62 


oo 


ri tenfl.n 


126c 


230 

*ro\/ 


Open 


62c 


90 


Pipe 


766 


123 


Side channels 


62c 


90 


Subdrains 


62c, 62/ 


90,94 


Drapes for camouflage „_ 


201a 


312 


Duties of engineer aviation units in airdrome construction 3 


4 
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Parajrraph Pape 

Earth shock from bombs 1306 237 

Earthwork. (See Grading.) 

Electrical supply 66c 114 

Emplacements, weapons 135 241 

Emulsions. (See Definition of bituminous mateiials.) 

Engineer aviation units: 

Battalion 13 11 

Battalion, airborne 17 12 

Camouflage battalion, air force 16 11 

Company.. 1 14 11 

Engineer headquarters company, air force 11 11 

Engineer section: 

Air force 9 9 

Air service command 10 10 

Regiment 15 11 

Topographic company ' 12 11 

Engineer staff functions in air force 8, 96 7, 9 

Equipment, airborne engineer aviation units 206 321 

Equipment, general (for specific items see Index) 19-36 13 

Maintenance of 20, 72 13, 118 

Type issued to aviation engineers 19 13 

Estimating: 

Construction quantities 676 115 

Culvert capacity 62e 94 

Materials- 67/ 117 

Surface run-off 62d 91 

Time schedule 67e 116 

Explosive storage 656 108 

Field airdrome, definition i 6c 9 

Fills. (See Grading.) 

Fire plan . 138c 252 

Fireproof construction materials 138a 252 

Flat-tops. (See Camouflage of airdromes.) 

Flight strip, definition 5g 6 

Floods 616(2) 61 

Fly-tops. (See Camouflage of airdromes.) 

Folding nets 194 298 

Foxholes . 133c 238 

Frost action . 63(^(1); 28-31, app. Ill 106, 368 

Fuze storage 656 108 

Garnishing, methods of - 193 298 

Gas: 

Action of on construction materials 137a 248 

Proofing of structures „ 137 248 

Protection of personnel against 137a 248 

Gasoline storage , 65a 106 

Glide angle 51c, 60c 64, 77 

Graders, general use of 22 15 
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Grades: Piragraph Page 

Drains 62c 90 

Rumvav--- 60e 81 

Taxiway 60/ 82 

Grading: 

Cross hauling, . 60e 81 

Estimating 675 115 

Methods of 77 129 

Steel rumvays 102 171 

Surface courses, requirements 118 204 

Gravel (see also Soils) 5, app. Ill 349 

Gravel base course 93 154 

Grizzly... . . 916 148 

Ground installations at field airdromes 3ft, 65 4, 106 

Groundwater-. _ _ 516(2), 60« 61,81 

Grubbing. (See Clearing.) 

Handtools 34 20 

Hangars 65d 108 

Hard standings 5r?, 53, 60g 6, 65, 88 

Pavements 64 106 

Wheel loads 636 100 

Heater, asphalt, use of 24a 16 

Housing 53, 65/ 65, 112 

Hydraulic flow 62e 94 

Ice removal 126A 235 

Incendiary bombs 1306, 138 237, 251 

Internal friction 87 144 

Irving grid runway mat. (See Steel runway mat^s.) 

Jetting 77c 131 

Joint maintenance 126d 230 

Joints: 

In concrete construction 1236 223 

Surface courses, treatment for 120A 217 

Laboratory tests, soil 39-48, app. Ill 374 

Land acquisition 52, 56 65, 74 

Landing strip 5^^ 6 

Lay-out: 

Criteria, general 60 77 

Drains 62 88 

Examples 536, 60A 65, 88 

Ground installations 65 106 

Preliminary 53a 65 

Principles 60a 77 

Runways. (See Runways.) 
Taxiways. (See Taxiways.) 
Lighting: 

Buildings. 32 19 

Construction 32 19 

Runway 66£i 114 
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Paragraph Page 

Liquid limit (see also Soils) 19, app. Ill 363 

Loads: 

Aircraft wheel loads 636 100 

On culverts Q2g 97 

Macadam bases: 

Bituminous penetration 98 168 

Dry 96 164 

Waterbound 97 166 

Maintenance facilities at airdromes 65d 108 

Maintenarice of airdromes: 

Bomb craters 1276 236 

Drainage 126c 230 

Emergency 127 235 

Equipment for 125 229 

Fragments, metal '127c 236 

Ice_-_.l 126A 235 

Inspection - _ 1266 229 

*^ ' Mission 124 229 

Patching 126d, 126/ 230,232 

Pavements . 126d 230 

Personnel 126 229 

Routine..,. 126 229 

Scope-- 126a 229 

Snow . 126g 234 

Special . 127 235 

Stockpiles . 126e 232 

Supervision 1266 229 

Maintenance of equipment- 20 13 

Manning^s formula :. 62e 94 

Maps: 

Aerial 59a 75 

Topographic 596 76 

Marshes 63ff(2) 106 

Materials, camouflage. (See Camouflage of airdromes.) 

Materials estimate for construction 67/ 117 

Materials, exploration for base and surface 34, app. Ill 372 

Materials for base courses. (See Base courses.) 

Mechanical stabilization 88a 146 

Metal fragments — bombs and shells 127c 236 

Meteorologist, air force 51d 62 

Meteorology 51d • 62 

Mission of aviation engineers 1 2 

Mixing in place (see also Surface courses) 1206(5) 212 

Moisture content, soils 41, app. Ill 380 

Nets, camouflage 184,194 283,298 

Night problems, training for 45 55 

Observation post - 133d 238 

Obstacles in defense of airdromes 155/ 264 

Obstructions to flying 51, 51e 6, 64 
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Oil paint- - 1866(3) 289 

Oil storage — 6Sa 106 

Oleoresinous paint 1866(1) 289 

Operations building ' 65e 112 

Optimum moisture ^ 63c, 77c 100, 131 

Optimum moisture content for soil compaction 25, app. Ill 366 

Ordnance storage 656 108 

Organic soil (see also Soils) . 9, app. III 352 

Organization of the ground. (See Defense of airdromes.) 

Osnaburg 184d 284 

Paint rack, construction of 192 296 

Paints, camouflage 186 288 

Parking area 5n, 53, 60^ 6, 65, 88 

Patching— 126d 230 

Pavements: 

Base course- 63<7(4) 97 

Definition 63a(3) 97 

Failures 126d 230 

Flexible-type 63a(3) 97 

Maintenance^ (See Maintenance.) 

Nomenclature 63a 97 

Patching. (See Maintenance.) 
Repairs. (See Maintenance.) 

Rigid-type 63a(3), 63d 97,101 

Steel runways 63c 105 

Subgrade 63a(l) 97 

Subsurface drainage for 51-55, app. Ill 397 

Surface course - 63a (5) 98 

Thickness 63d 101 

Peat (see also Soils) 9, app. Ill 362 

Penetration macadam (see also Surface courses) 116a 201 

Pierced plank runway mat. (See Steel runway mats.) 

Pile driver, uses of 21c 14 

Planning: 

Construction 67 115 

Extent of 57 74 

Importance of 57 74 

Scope 55 74 

Stage construction 58 75 

Plant-mix (see also Surface courses) 120c 214 

Plastic limit (see also Soils) 19, app. Ill 363 

Plow, tractor 336 19 

Portable mat loom 197 303 

Premix, bituminous 126/ 232 

Priority of construction 516, 67 60, H5 

Profile: 

Ground 596 76 

Soil 59c 76 

Program, training ^ 46 55 

Prone shelter 133a 238 

Protective construction 51ff, 65c, 129-140 65,108,237 
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Protective structures: Paragraph Page 

Entrances 136e 245 

Gasproofing . 137 248 

Materials - 136d 245 

Structural considerations for surface and semiburied 

shelters 136 242 

Public roads administration soil classification 16, app. Ill 362 

Quantities of work, estimation 676 115 

Rainfall 50c, 62a, 62; 59, 88, 94 

Reconnaissance: 

Aerial . 50a 59 

Ground 506 59 

Hasty 50c 59 

Maintenance 127a 235 

Report 50c 59 

Soil survey 32-34, app. Ill 369 

Repair facilities 65<i 108 

Revetments, aircraft . 139 252 

Reveting, sandbag 139c 252 

Roads 64 106 

Rock flour (silt) (see also Soils) , 7, app. Ill 350 

Rollers, types of 23 15 

Rooter, uses of 21d 15 

Runway: 

All-weather use , 516(3) 61 

Approach zone 51e, 60c 64, 77 

Arrangement . 53, 606 65, 77 

Camouflage 173 276 

Centerline 516(2) 61 

Clearances 60c 77 

Cleared zone 60c 77 

Dimensions 60d 77 

Direction of 51d, 606 62, 77 

Glide angle 5le 64 

Grades 60c 81 

Length 60d 77 

Lighting . 66d 114 

Obstructions 51c 64 

Pavements . 63 97 

Safety clearance zone 60c 77 

SteeL (See Steel runway mats.) 

Subgrade . 63c 100 

Wheel loads . 636 100 

Salt for ice control 126A 235 

Sampling 36, app. Ill 373 

Sand (see also Soils) 6, app. Ill 349 

Sandbags: 

Preservation of . . . _ . 140 252 

Revetting 139c 252 
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Sand blanket, use to control frost action 31, app. Ill 368 

Satellite field 5a 6 

Scraper, uses of 216 14 

Seepage 61c 88 

Select borrow base course 91 148 

Sewage disposal 66 112 

Shelters. (See Protective structures.) 
Shops: 

Location of 15d 11 

Motorized for maintenance 20 13 

Shoulders: 

Runway 60e 81 

Taxi way 60/ 82 

Shovels, types issued battalions 21 14 

Shrinkage factor 676 115 

Sieve analysis (see also Soils) 18, app. Ill 362 

Silt (see also Soils) 7, app. Ill 350 

Site lay-out 63 65 

Site selection 47-54 58 

Accessibility 51/ 64 

Area 51a 60 

Camouflage 61c, 167 62, 269 

Communications 51/ 64 

Criteria 636 66 

Defense 51g 66 

Drainage 516(2) 61 

Information furnished 49 58 

Materials available 616 (4) 61 

Meteorological conditions ^ 51d 62 

Obstructions- 51e 64 

Protection 51g 65 

Reconnaissance 50 59 

Report 54 65 

Soil 516(3) 61 

Soil survey 32-34, app. Ill 369 

Steel runways 152 260 

Time of construction 516 60 

Topography _ 516 (2) 61 

Water supply 516 (5) 62 

Slit trench 1336 238 

Slopes. (See Grades.) 

Slump test for concrete 50d, app. Ill 393 

Snow packing 126^ 234 

Snow removal l2Qg 234 

Soil profile. 35, app. Ill 373 

Soils 516 (3) 61 

Adobe 14a, app. Ill 355 

Aerial photos, use of in classification 10, app. Ill 353 

Bearing ratio (California) 46, app. Ill 386 

Bitumen stabilized 886, 95 146^ 1(51 

Calcareous 146, app. Ill 35.6 
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Soils— Continued. Paragraph Page 

Caliche 14c, app. Ill 356 

Carbonaceous 14<i, app. Ill 356 

Casagrande classification 15, app. Ill; table XXXII 367, 358 

Cement stabilized 88c, 94 146, 156 

Channeling for samples 37, app. Ill 373 

Characteristics of average soils 22, app. Ill; fig. 196 364, 365 

Clarification and use of in airdrome construction app. Ill 347 

Clay 8, app. Ill 350 

Coefficient of uniformity 18, app. Ill 362 

Cohesive soils 13, 26, app. Ill 366, 366 

Combined analysis 40c, app. Ill 380 

Combined soil types 11-12, app. III 354 

Compaction- . , 23-27, app. Ill 366 

Compressibility \. 19, app. Ill 363 

' Definition 3, app. Ill 348 

Density, field test for 47, app. Ill 387 

Diatomaceous 14e, app. Ill 356 

V Drainage . - 62« 94 

Ferruginous 14/, app. Ill 856 

Field exploration at site 32, app. Ill 369 

Field identification . 17 12 

Field testing equipment 48, app. Ill 890 

Foreign. - 2, app. Ill 348 

'■A Frost action.- 28-29, app. Ill 368 

Gradation, determination of... 40, app. Ill 375 

Grain-size distribution 40, app. Ill 375 

Gravel 5, 16, app. Ill 349, 367 

Ground water 31, 62a, app. Ill 368, 397 

Gumbo 14gr, app. Ill 366 

Gypsiferous 14fc, app. Ill 366 

Hardpan 14i, app. Ill 356 

Identification of soils affected by frost action 30, app. Ill 368 

Laboratory testing equipment 48, app. Ill 390 

Liquid limit 19, 42, app. Ill S^S, 381 

Loam 14j, app. Ill 356 

Loess 14*, app. Ill 366 

Marl 14Z, app. Ill 366 

Maximum density ^ 47, app. Ill 387 

Micaceous . 14m, app. Ill 356 

Moisture content determination 41, app. Ill 380 

Noncohesive soils 13, 24, app. Ill 356, 366 

Organic matter. 60a, app. Ill 392 

Organic soil 9, 16, app. Ill 352, 357 

; Peat 9, 16, app. Ill 352, 367 

Plastic limit 19, 43, app. Ill 363, 382 

Plastic soils- 13, 19, app. Ill 366, 363 

Plasticity index. 44, 49, app. Ill 382, 392 

Profile^--- i- 69c 76 

Public roads administration classification. i 16, app. Ill 362 

Quartering samples 38, app. Ill 374 
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Par^aph 


Page 


Sampling- 


36, app. Ill 


373 


Sand . 


6, 15, 50a, app. Ill 


349, 
357, 392 


Sand-gravel mixtures. _ _ _ _ 


11, app. Ill 


354 


Sand-silt-clay mixtures _ - 


12, app. Ill 


354 


Sieve analysis 


18, 40a. app. Ill 


362, 375 


Silt 


7, app. Ill 


350 


Soil profiles 


32, fig. 197, 35, app. Ill 


369, 
371, 373 


Soil samples, taking of 


33, 36, 37, app. Ill 


372, 373 


Stabilized mixtures - 


... . 49, app. Ill 


392 


Subdrain systems - 


, . 53, app. Ill 


397 


Subsurface drainage for pavements 


CI TTT 

oi-oo, app. Ill 


o97 


Suitable for steel runways 


1026 


173 


Survey 


59c 


• 76 


Swell test _ 


. . .... 46; app. Ill 


. V386 


Terms „ _ 


63a (6>. - 


98 


Till 


. . 14n, app. Ill 


■ . 356 


Wet analysis. 


406, appv UI 


376 


Soil testing - 


___ . _ 36-48, app. Ill 


372 


Sommerfeld mat. (See Steel runway mats.) 






Splinterproof construction 


136 


242 


Stability in soils 


87 


144 


Stabilization: 






Bituminous 


886 


146 


Cement- 


88c 


146 


Mechanical, 


... 88a 


146 


Stabilized mixtures, tests for proportions 


49, app. Ill 


392 


Stabilized soil base course _ : 


. _ 92 


150 




... 92 


150 


Stabilizing equipment, general - - » _ 


25 


16 


Stage construction _ _ 


51, 58 


60, 75 


StaGfincr field 


be 


5 


Steel runway mats. _ 


100-111 


171 


Adjustments for temperature changes 


110 


189 


Bar-and-rod - _ 


103 


173 


Camouflage _ 


111 


190 


Dimensions 


103 


173 


Irving ficrid 


103 


173 


Laying methods 


107a 


179 


Maintenance 


109 


188 


Motion pictures (training];) . . 


104 


175 


Panel connections 


^ 106 


178 


Pierced plank 


103 


173 


Replaceme n ts 


109a 


188 


Site selection and preparation 


. 102 


. 171 


Sommerfeld _ 


103 


173 


Tactical uses__ 


100 


171 


Transportation 


105 


175 


Types.. _ . , 


103 


173 


Work crew organization. 


. 108 


181 
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Stockpiles of aggregate 126c 232 

Stripping in excavation 776 129 

Subdrainage. (See Drainage.) 
Subgrade: 

Bearing ratio 63a (7) 98 

Blanket course . . ... 63c 100 

Compaction _ 63c 100 

Compaction control 27, 47, app. Ill 367, 387 

Natural condition of 20, app. Ill 364 

Preparation 78 135 

Stabilization 72,92 119,160 

■ Stabilized, definition 63a (2) 97 

Soils . 63a (6) 98 

Strength 63c 100 

Surface area determination 1 18e 208 

Surface courses: . 112-123 193 

Aggregate: 

Application of bitumen 1206 209 

As used in surface courses 115o 198 

Base preparation 120 209 

Compaction 120^ 217 

Grading 118 204 

Placing during construction , 120c 212 

Requirements 117 203 

Bituminous, detailed procedure - 122 219 

Characteristics: 

Bituminous, general 1146 198 

Concrete i 114c 198 

Mechanically stabilized, general 114a 198 

Cold-laid 116d 203 

Concrete ' 123 222 

Definition 63a (5) 98 

Hot-laid - 1166 203 

Lightly bound base..- 1226 219 

Loosely bound base 122c 219 

Mixing in place 1166, 120 6(5), 120c (4), l20d, 122e 201, 212, 

214, 220 

Penetration macadam 116a, 1206 (6), 120c (5), 122g 201, 

212, 219 

Plant mix 116c, 120e, 122a 201, 

214,219 

Prime coat 116/, 1206 (3), 122a 203, 

211,219 

Requirements 113 193 

Seal coat 116/i, 1206 (4), 120c (3), 120^ (2), 122d 203, 211, 

212,217, 
219 

Selection 112 193 

Stabilized soil . ----- 121 218 

Surface drainage. (See Drainage.) 
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Surveys: Paragraph Page 

Aerial 59a 75 

Construction 73 119 

Quantity 67 116 

Soil 59c 76 

Topographic 596 76 

Sweeper, rotary 33c 19 

Swell factor, rock 676 115 

Talbot's formula _i 62c 94 

Tar. (See Bituminous material.) 
Taxi way: 

Qeared zone 60/ 82 

Definition 60/ 82 

Dimensions 60/ 82 

Grades 1 60/ 82 

Lay-out 53 65 

Pavement 64 106 

Wheel loads 636 100 

Taxiways, camouflage of 1 174 280 

Technical buildings 65e 112 

Tests, soil . 36-48, app. Ill 373 

Texturing materials 185 286 

Thickness of base courses. (See Base courses.) 

Thickness of pavements 63ci 101 

Time schedule for construction 67c 116 

Tools, hand 34 20 

Topography, influence on drainage 516 (2) 61 

Topographic survey 596 76 

Tractor, 80 dbhp 21a 14 

Tractor, 30 dbhp - 33ei 19 

Trailers, low bed 33c 19 

Training: 

Airborne engineer aviation units 206 322 

Basic 38 52 

Camouflage 41 55 

Convoy movement 42 55 

Night problems 45 55 

Program 46 55 

Progress charts 44 55 

Schools. - 43 55 

Scope 37 52 

Tactical 40 53 

Technical 39 53 

Weapons 40a 53 

Transportation: 

Personnel 356 20 

Prime movers 356, c 20 

Trenches. (Sec Drains.) 

Turning circle 64 106 
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Paragraph Page 

Utilities 66 112 

Electrical supply 66c 114 

Water supply 666 112 

Ventilation of shelters - 136/ 245 

Water supply: 

Construction 516 (5) 62 

Operation 666 112 

Water table 516 (2), 606 61, 81 

Waterbound niacadam base course 98 168 

Weapons: 

Battalion 36 21 

Emplacements 133e, 135, 155 238, 

241, 263 

Weather (See Meteorology.) 

Weights of materials — - table LUX 415 

Wind . 51d 62 

[A. G. 062.11 (11-16-42).] 

By ORDER OF THE Secretary OF War : 

G. C. MARSHALL, 

Chief of Staff. 

Officxal: 

J. A. uLia 

Major Creneral^ 

The Adjutant General. 
Distribution : 
X. 

(For explanation of symbol see FM 21-6.) 
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